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ABSTRACT

THE EFFECTS OF UTILIZING SIMULATION TO PROMOTE CONTENT
KNOWLEDGE ACQUISITION AND PROBLEM-SOLVING
SKILLS IN A STEM CLASSROOM
Jui-Ling Chiang, Ph.D.
Department of Educational Technology, Research and Assessment
Northern Illinois University, 2017
Wei-Chen Hung, Director
This sequential explanatory mixed-methods design study explores the impact of
simulation in promoting content knowledge acquisition and problem-solving skills in a STEM
classroom. It also examines students’ background factors and their relationship to the use of
simulation. This study used the Web-Based Interactive Landform Simulation Model – Grand
Canyon (WILSIM-GC) as an instrument for developing content knowledge and problem-solving
skills through pre- and posttests, a learning attitude scale, and focus group interviews. A quasiexperimental design was used to measure content knowledge growth and problem-solving skill
growth at two separate times. Regression was conducted to examine the relationship between
students’ background factors (i.e., gender, ethnicity, year in school) and their learning attitudes.
Follow up focus group interviews were conducted to investigate students’ learning experiences in
the use of simulation.
The findings of this study showed that the intervention group’s content knowledge
increased significantly in a short period of time. The study also found that both science and nonscience majors were engaged in learning through simulation, but their interpretation of the
embedded scaffolding functions were different. Students’ problem-solving skills did not improve

significantly, nor did students’ gender, year in school, and ethnicity significantly affect their
learning attitude toward the use of simulation. Suggested future studies could emphasize the
design of simulation that allows user-controlled scaffolding functions, collaboration space
between science and non-science majors, and embedding of the inquiry-based guidelines into the
simulation.
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CHAPTER 1
INTRODUCTION

In prior centuries, people have used many forms of technology to assist with learning.
Some technologies have become obsolete, such as overhead projectors, whereas other
technologies thrive and develop, providing an entirely new platform for information gathering
and information exchange. Technology is evolving rapidly, increasing accessibility, and
developing a much more user-friendly interface. Learning with the aid of technology is
becoming easier than ever before. Consequently, technology not only affects the learning process
but also puts new demands on teaching strategies. Ideally, learning with technology will enable
students to develop higher order thinking skills and become better problem solvers (Bransford,
Brown, & Cocking, 1999; Jonassen & Reeves, 1996).
Computer simulation is one widely accepted application because it forms an authentic but
safe learning environment. According to Robinson (2014), computer simulation is an operation
system that incorporates a natural system (e.g., algorithms that formed natural phenomena) or a
model-based learning (e.g., construction, service) with visual representations to stimulate
learning through times. Simulation has the potential to facilitate a student-centered learning
environment that allows students to elaborate on ideas and apply knowledge to new projects,
thus solving the problem. A variety of simulation applications such as video game-based
systems, virtual worlds, and web-based interactive learning systems have garnered closer
attention in the past few years. These rich visual and auditory learning environments aim to
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facilitate motivation and content comprehension. They afford learners opportunities to explore
content knowledge through audiovisual presentations, animations, and interactions. Such
simulation applications are designed to integrate real case scenarios to foster mastery of expert
skills.
With these advances, STEM related education (an acronym of science, technology,
engineering, and mathematics) has increased the use of simulation in teaching and learning (de
Jong, Sotiriou, & Gillet, 2014; Lant et al. 2016; Lewis, 2014). Science educators believe that
utilization of simulation tools to facilitate learning occurs through creating a situational science
learning space. For example, exploring the concept of sediment transport with simulation tools
allows students to conduct deeper investigations of sand sediment transport phenomenon (Miller,
McNeal, & Herbert, 2010). As another example, in an engineering classroom, students were
asked to solve real-world scenarios through role-playing different positions and manipulating
decision making steps through a simulation interface (Goedert, Pawloski, Rokooeisadabad, &
Subramaniam, 2013). Although observed effects on the development of content knowledge from
using computer simulation in science have been encouraging, the role of scaffolding strategies
has been considered less often (Smetana & Bell, 2012; Yin, Song, Tabata, Ogata, & Hwang,
2013).
Problem Statement
Since approximately 1970, simulation has been one of the most commonly-used
educational tools. Thousands of research publications related to this topic will result from a
search using the keyword “simulation.” However, many of these studies have focused on the use
of simulation in explaining science phenomena instead of promoting content knowledge or

3
learning. Smetana and Bell (2012) found only 61 empirical studies from 1971 to 2008 that
addressed the growth of new content knowledge and the transfer of prior knowledge. These
studies involved K-12 and higher education students. The study results revealed both negative
and positive effects on promoting content knowledge learning and problem-solving skills. Less
research has been conducted focused on the embedded scaffolding strategies in simulation. In
addition, the research methodology employed, learner’s level, purpose of utilizing simulation,
and the study duration time have varied across studies. These varied research results and research
designs have implied a need for conducting experimental research for a better understanding of
the impact of simulation.
While searching for the keyword “simulation,” aside from the largest amount of military,
medical, and nursing simulation studies, many studies that discussed simulation were not about
teaching and learning. For example, some studies have focused on the agent-based design aspect
of simulation (e.g., Luke, Cuiffum Oabautm Sykkuvabm & Balan, 2005; Railsback, Lytinen, &
Jackson, 2006). These studies addressed the design elements and processes when building a
model of simulation that can further support research in a particular domain area. Some have
discussed the domain-specific knowledge aspect in simulation and design focus (e.g., Macal &
North, 2005; Rapaport, Blumberg, McKay, & Christian, 1996); and used simulation to explain
and analyze the phenomena in algorithm, math, and science (e.g., Chin, Marcolin, & Newsted,
2003; Cornell et al., 1995; Evanno, Regnaut, & Goudet, 2005; Higham, 2001; Nylund,
Asparouhov, & Muthén, 2007). However, very few were found to support teaching and learning
in the classroom, particularly on promoting problem-solving and higher order thinking skills.
(Luo et al., 2016).In Yin, Song, Tavata, Ogata, and Hwang’s (2013) study, they developed a
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Learning Sorting Algorithm with mobile devices that incorporated Kolb’s experiential learning
module, real case scenarios, role-play activities, and embedded scaffolding and fading strategies.
The embedded scaffolding strategies included pedagogy concepts and scaffolding and fading
strategies (e.g., point out mistakes, help to correct, and discuss) to support cognitive learning.
They emphasized that the embedded scaffolding strategies must align with the principle of
Vygotsky's zone of proximal development, in which the learning should include a function to
enable and disable scaffolding help when necessary. Scaffolded support such as “point out
mistakes,” “illustrate the basic outlines of tasks,” and “hints” were frequently used in the
experimental group. The importance of applying scaffolding strategies, e.g., extra steps like
tutorial videos or quick hints to help learners solve problems, in facilitating simulation learning
was emphasized both in the classroom and in the application design. The results indicated the
embedded cognitive scaffolding strategies significantly enhanced the treatment group’s
understanding of the algorithm concept in a short period.
Another example, Fang and Guo (2016) customized a computer simulation and animation
(CSA) tool to facilitate undergraduate engineering students in learning kinetics. In their study,
the design process of CSA emphasized the alignment between course objectives, designing the
corresponding dynamic problems, and the steps in designing the CSA (e.g., user interface, using
colors to distinguish different information, animation integration, and pilot testing). They
emphasized that the mathematical modeling was embedded into parameter variations and
displayed through the simulation and animation. The results indicated that CSA mathematical
modeling successfully helped students’ learning of conceptual knowledge, but students need
flexible coaching or scaffolding from the course facilitator to enhance problem-solving skills. Per
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the description, the CSA includes several scaffolding strategies and allowed students to explore
the simulation by changing the parameter settings. However, Fang and Guo did not address such
functions in facilitating students’ learning.
In other cases, research findings revealed potential barriers to the use of simulation and
other factors that relate to its use. Ray and Bhaskaran’s (2013) study on career development
promoted simulation process skills of the commercial software FLUENT among upper-level
undergraduate, master’s, and doctoral engineering students. The embedded scaffolding strategies
included the pedagogical concept of discretization and numerical solution algorithms, coding
placeholders, built-in meshing and discretization functions, an interactive interface, strong visual
stimulation on charts and graphic displays, color supports, animation, and 3D rotation to present
the coding results. However, the results did not show rich scaffolding methods were favorable to
students’ learning. The authors argued that most learning from simulations happened outside of
classroom practice; the range of expertise, backgrounds, experiences, and students’ expectations
affected the learning process.
Miller, McNeal, and Herbert (2010) conducted experimental research that employed the
combination of computer simulation and a physical sandbox demonstration to illustrate seawall
development concepts to a group of novice college students. The treatment group emphasized the
use of multiple interactive sources (e.g., geographical information system maps, real case issues,
graphics, and rich data-sets analysis) to scaffold subject content knowledge learning. This was
followed up with the sandbox investigation on the actual water movement. The control group, on
the other hand, relied on short readings and small data-set analysis, followed by workbook
question exercises. The growth of content knowledge and higher order thinking skills of the
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treatment group successfully exceeded the control group. However, two variables affected the
results from the treatment group: a rich visual assisted and interactive computer simulation
fostered cognitive learning in content and concepts, and a follow-up wave investigation with the
sandbox to stimulate learning through physical simulation. The result of content knowledge
growth cannot pinpoint which variable had a better impact on students’ learning.
Based on a review of the empirical studies between 2008 and 2016, several researchers
found the use of simulation significantly increased content knowledge (Liu et al., 2008; Sherratt
et al., 2013), but lacked comparison groups to support their findings. Additionally, several
researchers implied it is necessary to apply and discuss embedded scaffolding strategies (Liu et
al., 2008; Ray & Bhaskaran, 2013; Sherrett et al., 2013). Therefore, this study sought to
determine the impact of the embedded scaffolding strategies in a simulation.
Purpose and Significance of the Study
As mentioned earlier, the use of simulation in promoting learning performance is
inconclusive. From the literature, learning with simulation tools seems to require different types
of scaffolding strategies. Although there is current research on simulation in educational
environments, specific studies of scaffolding strategies with computer simulation for science
learning in higher education settings are limited. This study aims to examine the use of the
embedded scaffolding strategies in an affordance environment to support science learning in
higher education. This study contributes to literature on simulation scaffolding strategies and to
literature on the use of simulation in STEM geology higher education environments. This study
also contributes to the use of simulation in promoting science learning.
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Research Questions

This mixed-methods study seeks to determine whether a web-based interactive simulation
tool has the intended effect on students' content knowledge learning and problem-solving skills.
In addition, this study attempts to identify whether students’ background characteristics, such as
age, year of school, and ethnicity, relate to their learning attitude toward the simulation.
The following research questions will guide this study:
1. Does content knowledge growth differ between learners who use web-based
simulation tools to learn science phenomenon and those who use traditional
methods?
2. Does problem-solving skill growth differ between learners who use web-based
simulation tools to learn science phenomenon and those who use traditional
methods?
3. Are background factors, such as age, ethnicity, and years in school related to
students’ learning perceptions while using a simulation tool?
4. How does the use of a simulation tool promote students’ science learning
experiences?
Conceptual Framework
Scaffolding strategies refer to the methods that the instructors use, such as small chunks
of tasks, questions, and prompts, for helping learners to complete each step of mastering a task
that is beyond their ability (Wood, Bruner, & Ross, 1976). The purpose of utilizing scaffolding
strategies while in a simulation environment is to help learners act and think like a master in an
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authentic situated case with proper guidance from experts. Existing studies have shown that
researchers attempted to apply different types of instructional strategies to scaffold learning
through simulation such as modeling (Ray & Bhaskaran, 2013; Wang, Duh, Li, Lin, & Tsai,
2014), scaffolding (Yin et al., 2013), exploration (Schnurr, De Santo, & Green, 2014); and
articulation (Goedert et al., 2013; Schnurr et al., 2014).
Modeling. Modeling is often seen as a type of demonstration followed by imitation of
experts. In simulation software, modeling was found in different formats, such as step-by-step
video tutorials to operate the simulation (Ray & Bhaskaran, 2013) and/or short video
demonstration by experts (Jacobson, Militello, and Baveye, 2009). Some of the studies described
such modeling as scaffolding strategies that allow learners to imitate a master’s work and watch
a master's demonstration online at their own pace (e.g., they can pause, repeat, or print the
tutorial). Some of the studies do not mention much about how the embedded scaffolding
strategies (e.g., short videos, narratives, simple graphics, photo images, charts, and paradigms)
foster learning though the simulation. In this study, the modeling-scaffolding strategies were
used to demonstrate scientific thinking as performed by an expert.
Scaffolding. Scaffolding strategies have been found in different simulations to support the
development of in-depth metacognitive thinking, articulation, and reflection (Dennen & Burner,
2008; Yin et al., 2013). The notions of scaffolding strategies in simulation tools include hints
(Yin et al., 2013), tips (Oshima & Oshima, 2001), visual stimulation (Adams et al, 2008;
Podolefsky, Perkins, & Adams, 2010), and collaborative discussion (Prinsen & Overton, 2011).
The simulation used in this study took Adams et al.’s and Podolefsky et al.’s perspectives on
using the visual simulation as a scaffold in creating a visual affordance environment along with
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other scaffolding strategies (e.g., hints, fade away definitions) to support learning.
Articulation. The simulations in the existing studies have found embedded articulation
strategies such as real-world tasks, scenarios, or collaborative discussions. For example, a couple
of the studies utilized a simulation with embedded real-world tasks, contexts, and scenarios for
students to articulate their understanding of the content through on screen decision making
(Schnurr, et al., 2014) and in-class negotiating (Prinsen & Overton, 2010). Some of the studies
emphasize learning science phenomena through simulation. To facilitate students’ articulation
processes, studies have suggested using inquiry-based handouts to guide practices (Li & Black,
2016; Yin et al., 2013; Miller et al., 2010). This study took the perspective on learning science
phenomena through simulation by utilizing inquiry-based handouts to guide students’ articulation
processes. It is worth noting that the outcome of the simulation used in this study facilitated
students’ higher order thinking skills in two ways - on screen graphics (i.e., 3D animation and 2D
charts and images) and downloadable and printable Microsoft Excel files.
Exploration. The existing studies have found that computer simulations provide great
opportunities for learners to explore the cases and scenarios by manipulating different selections
or icons on the interface (Schnurr et al., 2014), setting different parameters (Ahlqvist et al.,
2012), taking different roles to explore the same project (Sherif & Mekkawi, 2009), and
interacting with the computer in the activities (Goedert et al., 2013). Exploration is one of the
most profound scaffolding strategies used in simulation studies (Adams et al., 2008). The
simulation in this study provided five parameter settings (included natural variable changing and
interval time periods) for learners to explore the landform changes through 3D animation. The
simulation allowed the participants to try/err, be worry-free from making mistakes, test multiple
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hypotheses, and compare the various results.
Summary

Chapter 1 presents the overview of this study, particularly addressing the current
problem of using scaffolding strategies in simulation. It also presents the research questions,
problem statements, and the significance of the study as well as the conceptual framework.
Chapter 2 presents the literature review, while Chapter 3 presents the methodology. The results
and discussions follow in Chapter 4 and Chapter 5.

CHAPTER 2
LITERATURE REVIEW

Since 1970, the rapid growth of information and technology communication has provided
opportunities for educators to discuss, design, and bring technology into STEM disciplines
(Smetana & Bell, 2012). By searching the ERIC and Education full text database from 1970 to
2010, Smetana and Bell identified 61 articles (38 in K-12 and 23 in higher education) related to
the effectiveness of and instructional issues related to computer simulation. Among these 23
empirical studies in higher education, 11 addressed promoting content knowledge, two
emphasized the area of developing and improving science process skills, five focused on
facilitating conceptual change, and five studies dealt with pedagogical issues related to computer
simulation-based instruction. Smetana and Bell concluded that the earlier studies focused more
on comparing the use of simulation with traditional settings, but also found fewer studies in
higher education as compared with K-12 environments. They also indicated a need to employ an
experimental design to identify the effectiveness of the use of simulation in higher education.
This chapter starts with a brief historical review of the use of simulation to promote
science learning in higher education. Then it reviews the literature after 2008, particularly on the
use of simulation and potential background factors that may affect students’ use of simulation.
The last section of this chapter discusses the conceptual framework of the scaffolding strategies
and how they were used in the simulations from the reviewed literature. Figure 2.1 presents the
structure of Chapter 2.
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Simulation in Education
1970-2008
Cavin and Lagowski (1978) examined the effects of chemistry laboratory experiments
and computer simulation on students’ achievement and aptitude. There were four groups in this
study. One of the groups served as the control group and completed a regular laboratory
experiment, while a second, the treatment group, received a simulation treatment. The other two
groups were divided into two treatment groups. One treatment group used simulation before the
lab experiment; the other one used simulation during the lab experiment. Cavin and Lagowski
also categorized students into high and low aptitude groups in identifying whether students’
capability affected their use of simulation. The dependent variables were scores on the
achievement test, the time students required to do the experiments, and the time students spent
on the test. The results indicated students who received laboratory experiment and simulations,
whether the simulation was used as an introduction or as a supplement during labor experiments,
required less time to complete the test and performed significantly better than the control and
treatment groups. Students who only received the treatment did not perform significantly better
than the students in the control group, nor with time spent in answering the questions. The
findings also suggest that students who were categorized in the high aptitude group performed
better than those who were in the low aptitude group. However, their capacity had no statistically
significant effect on their attitude toward utilizing simulation.
Faryniarz and Lockwood (1992) examined the impact of microcomputer simulations on
environmental problem-solving among community college students through three different
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simulation modules and three different standardized tests. Faryniarz and Lockwood believed that
the students' science learning performance through simulation was influenced by their
operational reasoning of that particular subject and their intellectual skills. After realizing their
students’ operational reasoning skills were low, Faryniarz and Lockwood argued the use of
simulation for community college students could be as effective as it was with regular college
students. Faryniarz and Lockwood employed a simulation that contained multiple problemsolving activity modules. For the five weeks of the study, treatment groups were required to
focus on following problem-solving skills guides during their learning and investigation
processes, such as identifying and determining the problem, establishing and testing their own
hypotheses, controlling the variables, and analyzing, interpreting, and presenting data. The
overall findings revealed that the treatment group had a statistically significant improvement as
compared to the control group.
Cavin and Lagowski's (1978) study suggests the use of simulation in isolation does not
promote science content knowledge learning. They concluded that the use of simulation must be
paired with laboratory experiments. The students' aptitude did not affect their attitudes toward
learning with simulation. Contrarily, Faryniarz and Lockwood (1992) argued that three variables
could affect students’ learning through using simulation to promote problem-solving skills. Their
variables were the design process of employing simulation, the guidelines that were used to
facilitate the simulation learning process, and time (five weeks in their study). They emphasized
that students' cognitive operational reasoning of the subject and their intellectual skill level did
not affect their learning attitude and performance through simulation. Although the results were
inconclusive in these two studies, they suggest that students' intelligence or ability does not
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affect their learning attitude through simulation.
More studies between 2000 and 2008 emphasized content knowledge learning, and fewer
focused on problem-solving skills (Smetana & Bell, 2012). For example, Winn et al. (2005)
compared two groups of students learning science from computer simulation with those learning
from the real environment. The simulation Winn et al. utilized was specifically designed based
on the North shoreline of Seattle, Washington. One group of the students was from one
university; the other one was from a community college. Both groups of students shared the
same content of the oceanography topic and were all entry-level students. Aside from a pre- and
posttest of learning through simulation and field experience from learning oceanography, Winn
et al. also analyzed the students’ demographic information such as gender, age, years living close
to the ocean, experiences using computers in the classroom, experiences playing computer
games, and their water-related activity engagement. They found students who reported a higher
level of water-related activities such as engaging in surfing, sailing, fishing, power-boating,
swimming, and diving improved significantly in the posttest in both the field experience group
and the simulation group. The findings supported that students who had fewer water-activity
experiences built a contextualized understanding of oceanography through field experiences.
Students who learned through simulation were able to connect their understanding to other
topics. Other background factors such as gender and age had no effect on students’ learning from
both the field experience and simulation.
Luo, Stravers, and Duffin (2005) employed a web-based landform simulation model to
enhance students’ understanding of the concept of landform evolution in shaping the Earth’s
landscape. Their participants were volunteers from an entry-level geography survey course and
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most them were non-geography majors. The treatment group took two weeks to follow selfpaced instruction to complete exploration of the simulation and answered scenario questions.
The results indicated no significant differences between their pre- and posttests. Students
struggled with the scientific terminology. However, the students’ feedback suggested they felt
positive while learning through simulation. Luo and Konen (2007) replicated the same design
from Luo et al.’s (2005) study from 2006 to 2007, but they rephrased some of the multiplechoice questions, modified the instructions and guidelines, and provided teacher demonstrations
of how to use the simulation before the launch of the activities. The results indicated the
students’ posttest significantly increased after the treatment. Luo and Konen suggested the design
of the questions, such as the negative form, has the potential to influence students’ understanding
of the questions and affect the test results.
Winn et al. (2005), Luo et al. (2005), and Luo and Konen (2007) all employed simulation
based on the natural environment in engaging science learning for entry-level college students.
Their studies suggested students’ test performance significantly increased after utilizing
simulation. However, there was no comparison group to support whether the simulation
effectively supported science learning. Moreover, Winn et al.’s study indicated students’
experience might have affected their learning outcome with simulation, whereas Luo and Konen
suggested the need to be careful in the design of questions when most of the participants were
non-science majors.
The above study’s results revealed both negative and positive effects of simulation for
promoting content knowledge acquisition and problem-solving skills. Although research findings
on the use of simulation in supporting learning were inconclusive, the findings suggesting that
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the use of simulation was more positive than negative (Smetana & Bell, 2012).
Use of Simulation to Support STEM Learning in Higher Education

In a search from 2008 to 2016, 21 empirical studies were found that related to the
effectiveness of computer simulation in STEM subjects in higher education. After carefully
reviewing these studies’ research methods, duration time, populations, and findings, the contents
have been sorted into four categories: promote content knowledge, promote science process
skills and solving the problems, use of simulation exploration and guidelines, and test embedded
scaffolding elements in the simulation.
Promote Content Mastery
Prinsen and Overton (2011) designed a mixed-method study on content knowledge
learning and problem-solving. Prinsen and Overton’s study employed a simulation named Tiers
Monde in a 12-week post-graduate course on policymaking. The context of the Tiers Monde
simulation is a made-up country with every element a country must have (i.e., history,
geography, etc.) and has embedded some real cases regarding policymaking issues (i.e., real
documents, code of conduct). Tier Monde also included pedagogical concepts of subject/content
knowledge, visual support in creating characters, documents, and an embedded discussion area
to facilitate collaborative learning. Students were assigned to different groups; each group had
six institutional players. Each student took on one role to act out. Students had three weeks to
become familiar with Tiers Monde and to shape the role of characteristics they selected. Through
different course topics and building on knowledge they learned, the students applied the new
knowledge and skills to their role in making decisions to frame the policies for their team. With a
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longer period of time, the participants became familiar with the simulation software and were
able to “dig into the skin” of their characters (Prinsen & Overton, 2011, p. 287). Their learners
were also highly engaged with simulation and able to learn from each other through embedded
discussion boards.
The participants in Schnurr et al.’s (2014) study were second-year college students from a
diverse set of majors enrolled in a one-semester environment, sustainability, and governance
class. The simulation software Convention on Biological Diversity (CBD) was introduced to
students in the last three weeks of the class, which indicated the participants were somewhat
familiar with the content knowledge. CBD recreated an international real case scenario that
included subject/content knowledge, and visual support in learning real-life stakeholders and
discussions. The findings support the use of simulation in promoting understanding of the
complexity of global environmental governance. Both Schnurr et al.’s (2014) and Prinsen and
Overton’s (2011) studies share several similarities: 1) a research purpose of using simulation, 2)
utilzing context-based role-play simulation tools, 3) positive improvement on subject knowledge
learning, and 4) lack of a comparison group to support their findings.
Swan and O’Donnell (2009) conducted a mixed-design study with two experimental
groups. The second-semester study was a replication of the first semester study. Their study
adopted simulation Visual Biology Laboratory (VBL), a web-based learning environment, into a
laboratory curriculum for 10 general biology topics. Swan and O’Donnell examined three tests of
content knowledge learning through the entire semester. The treatment groups were recruited
from volunteers among the students who enrolled in the laboratory classes. Swan and O’Donnell
concluded that the use of simulation in learning information relevant to conducting biology
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laboratories was effective. Although the test results, motivation, and efforts in learning through
simulation were not conclusive for the two semesters, the overall findings supported that students
had gained confidence in learning biology through simulation. However, Swan and O’Donnell
also pointed out that some students struggled with time management while utilizing simulation
and some shared their struggles with a lack of prior knowledge while using simulation.
Miller, McNeal, and Herbert (2010) conducted inquiry-based research through a
combination of computer-assisted simulation and a physical sandbox demonstration to illustrate
seawall development concepts to a group of novice college students. This study’s duration
included prior laboratory preparation work, one laboratory class, and an artifact drawing
assignment after the laboratory class. The treatment group emphasized the use of multiple
interactive sources (e.g., geographical information system maps, real case issues, graphics, and
rich data-set analysis) to scaffold subject content knowledge learning, followed by the sandbox
investigation of actual water movement. The participants were asked to formulate a hypothesis
centered on their investigation tasks. The control group, on the other hand, relied on short
readings and small data-set analysis, followed by workbook question exercises. The growth of
content knowledge and higher order thinking skills of the treatment group successfully exceeded
the control group. However, two variables affected the results from the treatment group: rich
visual and interactive computer assisted learning material to foster cognitive learning of the
content and concepts and a follow up wave investigation with the sandbox to stimulate learning
through physical simulation. The result of content knowledge growth cannot pinpoint which
variable had a better impact on students’ learning.
Two additional empirical studies only focused on content knowledge acquisition and paid
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minimal attention to the simulation. Bayrak (2008) and Sasikala and Tanyong (2016) conducted
studies that employed simlation to promote content knowledge learning. Bayrak conducted his
study in Turkey with biology and chemistry freshmen learning physics. Sasikala and Tanyong
conducted their study in India with graduate-level nursing students learning biology. Both studies
employed an experimental design and emphasized the content knowledge growth between preand posttest. The results from both studies showed the simulation supported content knowledge
learning in a short period of time.
Thompson, Nelson, Marbach-Ad, Keller, and Fagan (2010) developed 37 self-contained
learning modules (MathBench) to facilitate multidiscipliary learning of quantitative concepts in
biology and mathematics. The modules contained storylines, basic lab techniques, interactive
interfaces, quantitative analysis elements (e.g., standard curves, logarithmic functions,
calculating molar mass), visual stimulation, and self-calibration as well as demonstrated
solutions to problems and allowed students to solve the problem on their own. They employed
nine out of the 37 modules in an entry-level biology course. In their study, they tested students’
basic knowledge acquisition (12 questions) and higher order thinking and problem-solving skills
(6 questions) as well as learning attitudes (2 open-ended questions) regarding the relationship
between math and biology. Although the overall results showed significant improvement in
quantitative skills over one semester, the results also showed that while performance on basic
questions improved significantly, there was little or no improvement on the questions that
required deeper thinking.
Promote Science Process Skills and Solving problems
Prinsen and Overton (2011) and Schnurr et al. (2014) also investigated the use of
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simulation on problem-solving in their studies of geography governance in geography courses.
The participants in Prinsen and Overton’s study were post-graduate students, whereas Schnurr et
al.’s participants were all sophomores taking a general education course. Prinsen and Overton’s
study allowed the learners to take 12 weeks to become familiar with the simulation and to
practice each role in the simulation through different topics. Prinsen and Overton’s students were
able to apply the knowledge and skills to their role on a weekly basis and to future decisions to
frame the policies for their team. The trace of students’ problem-solving skills was able to be
identified on the CV of each character in the simulation, in their group presentations of the
decision making progress, collaborative discussion, and their reflection essays. Prinsen and
Overton concluded that the use of simulation enabled the aspects of policy making to become
visible to their students “beyond what just the literature could provide” (p. 291).
On the other hand, Schnurr et al.’s (2014) study announced the simulation to their
participants in the beginning of the semester to let the students learn the related content prior to
using the simulation. Although Schnurr et al.’s students received face-to-face support while
utilizing simulation in the last three weeks of the semester, students’ interest in learning and
problem-solving development through the simulation declined. Schnurr et al. stated that the
results of the students’ perception matched their expectations because of the gradually increased
challenges of the topic. Schnurr et al. implied the declining interest “might signify an even more
powerful learning moment” so that their students became more realistic about international
negotiations (p. 409).
In sum, the findings in Prinsen and Overton (2011) and Schnurr et al.’s (2013) study seem
to conflict with each other in problem-solving skill development through geography simulations.
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The major differences were the time students spent with the simulation and the depth of the
background knowledge they possessed. Prinsen and Overton’s participants were post-graduate
students in a policy making course; Schnurr et al.’s participants were all sophomores in a general
education lab course. Perhaps the students’ background factors, such as year in school and
major/prior knowledge, might have affected the students’ engagement and attitude while learning
through computer simulation.
Sherif and Mekkawi (2010) utilized a role-play-based excavation game to test senior
undergraduate construction engineering students’ and professionals’ perceptions of project
management skills through a 50-minute activity. The design of the excavation game emphasized
presenting learners with a realistic situation on project management, including budget control,
quality control, uncertain and novel situations, and time management. The game interface
contained a project site and its adjacent structures. The overall results of the students’ and
professionals’ perceptions showed that learning through the excavation game was engaging and
positive. However, the results implied the learners’ background knowledge affected their use of
simulation. Thus, the students needed more cognitive scaffolding (e.g., just-in-time consulting)
in comparison to the professionals, particularly in the decision making process.
As mentioned earlier in Thompson et al.’s (2010) semester-long study, the overall test
results showed significant improvement particularly on the basic questions. However, the
questions that required deeper thinking did not see improvement. Similar findings also were
identified in Taslidere’s (2015) study. Taslidere conducted a three-week mixed-design study
utilizing pedagogical concept-embedded simulation in learning about the photoelectric effect.
Taslidere used an experimental pretest and posttest design to measure students’ deeper learning.
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The participants were a group of sophomores who had explored a series of related modern
physics topics prior to participating in the study. The results of Taslidere’s study indicated the
treatment group’s performance increased significantly in comparison with the control group’s.
However, the questions that required deeper thinking did not see support from the simulation.
Additionally, the instructor’s face-to-face support was needed to navigate the simulation and
explain the knowledge concepts during the class.
Sherrett et al. (2013) employed a context-based simulation learning system, Virtual
Chemical Vapor Deposition (VCVD), with one expert and two student teams (a low-performing
and a high-performing team). The study sought to compare the students’ model generation
process with the expert’s through gathering information, formulating the problem, and iterative
modeling and experimentation to solve the problem. Sherrett et al.’s findings showed that the
expert used minimal embedded scaffolding support while establishing the model and solution,
whereas the undergraduates used embedded scaffolding support differently. The low-performing
group relied on the VCVD embedded scaffolding strategies to formulate their problem and
solutions because of the lack of prior knowledge and ability to gather information. The highperforming group utilized its prior knoweldge and grathered information to generate a model in
VCVD and utilized the embedded function to examine the models. Their results also indicated
the participants’ prior knoweldge and the understanding of the domain subject concepts affected
their use of simulation.
Simulation Exploration and Guidelines
Adam et al. (2008) published the qualitative results from their 275 simulation interviews
with over 120 participants covering 67 science-related simulations (e.g., chemistry, physics).
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Their participants were typically non-science majors across K-12 and higher education. Adam et
al. hypothesized that using the physics simulation would engage learners in observing, exploring,
and interacting with the simulation, and then in asking questions and finding answers on their
own, from exploring the given simulation. Adam et al. stated that the simulations themselves
were not gender biased. Both males and females were attracted to the motion of the simulation in
the beginning. Adam et al. suggested that the science exploration process of simulation must
make sense to their learners to engage science learning. For example, in their sound wave
simulation study, the interviewees showed a dislike for the simulation in the beginning, but after
they interacted with the simulation, students started liking it because it made sense to them.
Another example was the “Quantum Tunneling” simulation in which students were engaged in
the beginning. However, the simulation turned the button gray when the function did not support
the learning process, and students became frustrated and lost interest when nothing happened
after they clicked that button.
Adam et al. (2008) also found non-science majors struggled with science terminology.
They suggested using legend control labels when learning new science topics or concepts
through simulations. Another finding from Adam et al. was that students who received
instructional guidelines tended to follow the guidelines to complete tasks instead of asking
questions and exploring the simulation to answer their own questions. Adam et al. argued that the
purpose of utilizing simulation is to enhance students’ problem-solving abilities by asking
scientific questions and solving the problems through exploring the simulation. The guidelines
seemed to shift the students’ focus away from exploring the simulation to answering and
completing the questions on the guidelines.
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Chamberlain, Lancaster, Parson, and Perkins (2014) investigated undergraduates’
engagement with a computer simulation in learning entry-level chemistry. They utilized three
different modules to assess students’ engagement in exploration (i.e., explore freely or based on
the cooresponding guidance prompts). The simulation they employed included learner-controlled
navigational settings and different tabs showing the exploration and results. Chamberlain et al.’s
findings suggest that students were equally engaged in the use of simulation throughout the
different types of guidelines. However, students with minimal support with the guidelines spent
more time exploring the simulation freely, whereas students with the most guidance spent more
time exploring the simulation based on the scientific prompts in the guidance. However,
Chamberlain et al. did not mention the students’ content learning progress through the three
different types of guidelines. One of Adam et al.’s findings also supports Chamberlain et al.’s
(2014) findings on the use of guidelines. However, neither of these studies reviewed students’
learning progress with or without guidelines.
Testing Embedded Scaffolding Elements
Yin et al. (2013) created a context-aware scaffolding participatory role-play simulation to
foster master’s students’ algorithm learning through visualizing data flow. While designing an
algorithm visualization simulation-learning tool, Yin et al. embedded pedagogical concepts as
well as cognitive support scaffolding strategies. The scaffolding strategies included pointing out
mistakes, helping to correct errors (i.e., hints, illustration, and teacher’ help), and collaborating
during discussions. Yin et al. found collaboration in discussions was most helpful, followed by
pointing out mistakes. The results indicated the embedded cognitive scaffolding strategies
significantly enhanced the treatment group’s understanding of the algorithm concept in a short
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period. However, Yin et al. also found learners wanted to have more freedom in controlling
cognitive supporting functions on the simulation after they became more experienced.
Ray and Bhaskaran (2013) conducted a semester-long quantitative study with a group of
upper-level engineer undergraduate, postgraduate, and doctoral students learning about fluid
dynamics through a commercial simulation – ANSYS Fluent educational version. Ray and
Bhaskaran’s study utilized four major instructional tools (introduction of computationally fluid
dynamic notes, online tutorials, simulation guidelines and homework, and lectures to
demonstrate expert approaches – i-clickers) to facilitate learning with ANSYS Fluent. One part
of the study tested the helpfulness of i-clickers. Ray and Bhaskaran found that i-clickers were
helpful in supporting a fluid dynamic learning process. The results indicated that most learning
from simulations happened outside of classroom practice. The participants relied on the tutorials
to become familiar with the software. The embedded scaffolding functions were not helpful for
most of juniors but were helpful for the doctoral students. Ray and Bhaskaran argued that
inexperienced learners learned least when a simulation’s embedded scaffolding functions
required higher order thinking skills regarding the subject. They also implied that the difficulty
level of the simulation guidelines may have the potential to affect learners’ learning process.
In sum, Yin et al. (2013) and Ray and Bhaskaran (2013)’s findings suggest there is a link
between the embedded scaffolding strategies and learner’s background factors, such as prior
knowledge or experiences. The next section will discuss the studies that reviewed background
factors and their effects on learning attitude and performance through simulation.
Individual Differences and Use of Simulation
In addition to understanding learners’ mastery of content knowledge and problem-solving
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skills through simulation, researchers also attempted to identify individual background factors
that may affect learners’ use of simulation. As mentioned in the beginning of this chapter, earlier
researchers tested learners’ aptitude (Cavin and Lagowski, 1978) and their intellectual skills and
reasoning ability (Faryniarz and Lockwood, 1992). These background factors did not affect
learners’ test results or learning attitudes while utilizing simulation. Later, Winn et al. (2005), Yin
et al. (2013), and Ray and Bhaskaran (2013) suggested learners’ personal experience and prior
knowledge have the potential to affect their use of and learning with simulation. The section
includes studies that discussed individuals’ learning experiences with the use of simulation
associated with prior knowledge, experiences, year in school, gender, and social background.
Prior Knowledge, Experiences, and Year in School
Liu et al. (2008) investigated the relationship between participants’ prior knowledge and
the interactions of simulation on learners’ understanding of the content knowledge through a
context-based interactive simulation named Active Series of Metals (ASM). The embedded
scaffolding strategies in ASM included visualized chemical elements, multiple layer support of
the operation process, and animations to demonstrate the unseen chemical reactions. Liu et al.
hypothesized that, in this short period, the level of learners’ understanding of content knowledge
would affect their interactions and the use of the simulation software. Through investigation of
three classes, Liu et al. found the students with a high level of prior knowledge used chemistry
equations and formulas to complete the tasks and then used the computer simulations to confirm
their predictions. However, participants with a low level of prior chemistry knowledge used the
computer simulations as the main resources for accomplishing their missions. Liu et al.
suggested the computer simulations were effective in helping novices learn science when they
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worked with high prior knowledge level peers.
As mentioned previously, the results from Sherrett et al.’s (2013) and Ray and
Bhaskaran’s (2013) studies also found learners’ experiences may affect the way they utilize
simulation, particularly the embedded scaffolding strategies. Sherrett et al. (2013) employed
VCVD simulation to examine students’ science process skills and problem-solving in
comparison with one expert. Sherrett et al. purposefully divided students into a high-performing
team and a low-performing team. The high-performing team possessed a better understanding of
the fundamental chemical engineering concepts. Sherrett et al. compared students’ problemsolving process in three aspects: gathering information, formulating the problem, and using
simulation to establish and examine models and solve problems. The results indicated that the
low-performing team relied on the VCVD and direct instruction from their instructor to
formulate the problem, establish models, and examine these models to solve the problem. The
high-performing team, on the other hand, gathered information from notebooks and resources
prior to formulating the problem. They used simulation to generate models and tested their
hypothesis, and then based on the results from the simulation, determined the solutions of the
problems. Although both groups presented one model like the expert, Sherrett et al. suggested
that students with less experience and expertise need more cognitive support while learning
through simulation. The findings between the low-performing group and high-performing group
are consistent with Liu et al’s (2008) study in that the participants’ prior knowledge affected their
use of the embedded scaffolding strategies.
Ray and Bhaskaran (2013)’s study involved a group of upper-level engineering
undergraduate, postgraduate, and doctoral students learning about fluid dynamics through a
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commercial fluency simulation. The design of the study compared the learning results based on
the participants’ year in school. The results not only showed how the learners used the embedded
scaffolding strategies, but also showed that inexperienced learners learned least when a
simulation’s embedded scaffolding strategies required higher order thinking skills regarding the
subject. Among all their participants, all juniors (11) had never used the Fluent simulation prior
to the study; about 1/3 of seniors (26), half of the master’s (total 13), and half of doctoral
students (7) had been exposed to Fluent before. According to Ray and Bhaskaran, the embedded
function i-clickers were supposed to become helpful in supporting a fluid dynamic learning
process. However, the results showed that all doctoral students found i-clickers helpful or maybe
helpful; a little more than a quarter of the master’s students found it helpful; nearly half of the
seniors thought i-clickers were helpful or maybe helpful, and about a quarter of the juniors found
it helpful or might be helpful. Ray and Bhaskaran concluded that learners’ backgrounds (e.g.,
year in school), expertise, and expectations had potential effects on the use of embedded
scaffolding tools.
Genders
Fewer studies emphasized gender difference, ethnicity, and/or years in school and their
effects on the use of computer simulation. However, some studies attempted to verify whether a
learner’s gender affected his or her learning with technology. For instance, Suri and Sharma
(2013) conducted a study to analyze the effect of gender on computer and online learning
attitudes as well as the online learning forms (e.g., interactive videos and digital contents) in
India. They recruited 477 participants from across five departments (Arts, Science, Business
Management, Engineering, and Law) in a university to identify whether gender predicted
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students’ learning attitudes toward diverse online learning environments through computers.
There were more females than males (261, 215, respectively) in their study. Suri and Sharma
found there was no difference in the attitudes toward the use of computers between genders, and
both genders accepted different forms of e-learning on campus. However, different variables,
such as years in college and majors, were not analyzed or reported in this study.
Another study was conducted by Rhema and Miliszewska (2014) to understand whether
engineering students’ attitudes affected their use of technology and learning from the Internet.
The study examined the students’ experiences and perception of e-learning and analyzed their
attitudes toward e-learning and the relationship between their demographic characteristics (e.g.,
gender) and experience with the use and skills of computers. Rhema and Miliszewska recruited
students from two universities in Libya, one an urban university and the other a regional
university. Their findings suggested male students have more confidence on the use of
computers, and female students believed more strongly that e-learning enhanced their overall
learning experience. Students’ level of skill in technology tools affects their level of access to
different technology. However, there was no significant differences between the genders on their
attitudes toward the technology and e-learning in both urban and regional universities.
Although Suri and Sharma’s (2013) and Rhema and Miliszewska’s (2014) studies were
conducted in developing countries, it is worth noting that the studies mentioned other potential
factors, such as the challenges and resources in the developing countries and the technology
acceptance culture within the countries, could influence learners’ attitudes toward using
technology. Furthermore, both studies revealed that gender does affect students’ learning
attitudes toward technology.
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Social Background
Atabekova, Gorbatenko, and Chilingaryan (2015) conducted a mixed methods design
study with Russian university students by examining their learning attitudes toward technology
and online learning in general, as well as examining the potential effects from students’ social
backgrounds. Atabekova et al. recruited 358 students from 11 ethnic groups (Caucasian,
Ukrainians, Tatars, Kalmyks, Kazakhs, Bashkirs, Kirgyz, Uzbeks, Azerbaijanis, Udmurts, and
Koreans) from seven Russian universities. These students were also categorized into cultural and
religious groups (Western, Muslim, Buddhist) and social status groups (e.g., income and
residency locations). The overall results indicated students’ attitudes toward technology and
online learning were negative. However, the findings suggest learners’ ethnic background does
not affect their learning attitudes. The students’ social status, such as resources in the residency
regions, family income, and accessibility to the technology and Internet significantly affected the
participants’ learning attitudes toward technology and online learning.
Although the learners’ background factors varied, the findings from the above studies
implied that learners’ prior knowledge tools (Liu et al., 2008; Ray & Bhaskaran, 2013; Sherrett et
al., 2013), years in school (Ray & Bhaskaran, 2013), experience (Ray & Bhaskaran, 2013), and
expectations (Atabekova, Gorbatenko, & Chilingaryan; 2015; Rhema and Miliszewska, 2014)
are potential influences on their use of simulation, the view of embedded scaffolding strategies,
and the use of computers. The next section will described the literature that provided and
described the scaffolding strategies and tools embedded in simulations.
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Scaffolding and Simulation

Some scholars have used the word scaffolding as an umbrella term to describe the
instructional strategies embedded in the simulations (Belland, 2014; Davenport & Baron, 2007;
Quintana et al., 2004). They suggested that while designing science learning software, it is
essential to provide multiple layers of scaffolding strategies (e.g., animation, visual components,
and interactive settings) in enhancing students’ learning from understanding content knowledge
to be able to solve the real-world problems on their own. Computer simulation is one type of
software that provides learners with a visual affordance environment and creates opportunities
for learners to learn through exploring the interface. This section will elaborate on the conceptual
framework of this study.
In addition to the visual affordance environments, Quintana et al. (2004) recommended
embedding scaffolding strategies for cognitive learning, such as modeling expert guidance (e.g.,
tutorial modeling), scaffolding thinking tools (e.g., hints), reflection and articulation of explicit
learning (e.g., creating artifacts, multiple views), and exploration through inspection (e.g.,
interactive designs). A lack of scaffolding may cause learners first to lose their motivation and
then to lose confidence because of poor performance (Adam et al., 2008). The following are the
scaffolding strategies found in the literature.
Modeling
Modeling is originally seen as a master demonstrating his or her knowledge and expertise
to their apprentices or students. Through a modeling process, masters make their knowledge
visible to their students (Collins, Brown, & Holum, 1991). Modeling exists in different forms in
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current simulation software. For example, Ray and Bhaskaran (2013) used step-by-step video
tutorials to demonstrate how to navigate around the simulation since learners who have never
used the simulation rely on viewing the tutorial to navigate the simulation. Yin et al. (2013) used
visual illustration to demonstrate the goals of each task and the key information about how to
play the roles in the simulation. Students were encouraged to view the illustration in the
beginning and during the exploration as a master’s modeling guidance in performing the tasks.
In Jacobson, Militello, and Baveye’s (2009) modeling examples, students were able to
observe and analyze the experts’ interactions with local people. Jacobson et al. used videos to
demonstrate local experts’ knowledge and perspective of each geography topic in the virtual tour.
Although there was no pre-test to compare the knowledge growth, the knowledge content
evaluation had a mean of 93% accurate answers. Students’ self-reports indicated positive benefits
from the modeling context as if they were actually in the environment. They described these
videos provided “a sense of intimacy with people living in the area and convey the site and
sound of the location” (p. 576). Such modeling demonstrations allowed learners to view and
imitate a master's demonstration at their own pace (e.g., they could pause, repeat, or print the
tutorial). Furthermore, Jacobson et al. argued that the simulation modeling was rich, but the
scaffolding was minimal on the interface, thus increasing the risk of causing the learning
outcome to be weighted on one side over another.
Scaffolding

Scaffolding is originally viewed as the supports that the masters provide to help
apprentices or students carry out a task, whether the task is big and complicated, or small but
linked to the next tasks (Collins et al., 1991). In Sherif and Mekkawi’s (2010) role-play game,
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the projects were broken into small segments. The students were encouraged to use construction
features to investigate the soil (pedagogy functioning for content knowledge learning), the
variable to solve or cause problems (e.g., soil failure, water flood), elements to manage projects
and processes, and assessment tools (e.g., adjustments, repair) to complete each stage of decision
making and problem-solving. However, Sheif and Mekkawi suggested that novice students and
experts viewed and used the scaffolding strategies differently. Novice students needed more
cognitive scaffolding (e.g., just-in-time consultant) and modeling of problem-solving throughout
the decision making processes.
In Yin et al.’s (2013) role-play algorithm learning simulation, the embedded scaffolding
included pointing out mistakes, helping to correct errors (i.e., hints, illustration), and
collaborating during discussions. The collaborative discussion was viewed as the most helpful
scaffolding function as compared to hints and mistakes pointed out. The illustration (also seen as
a modeling strategy) was accessed less after students learned how to manipulate the simulation.
Yin et al. indicated the embedded cognitive scaffolding strategies significantly enhanced the
students’ understanding of the algorithm concept. Moreover, learners wanted to have more
freedom controlling the scaffolding supports in the simulation after they became more familiar
with the environment.
Articulation
Articulation often refers to an instructional strategy that instructors used to articulate
students’ knowledge, reasoning, or problem-solving process (Collins et al., 1991). In simulation
or visual software, the support of articulation existed through keeping logs, saving files,
providing experts’ views of problems, and recording the process (Quintana et al., 2004). The
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simulation that Sherif and Mekkawi (2010), Schnurr et al. (2014), and Prinsen and Overton
(2010) used allowed learners to keep active logs, save their learning progress within the
simulation, and download material. Learners were able to visualize their skills and make changes
throughout their learning progress. Prinsen and Overton embedded a space in the simulation to
facilitate in-class negotiation and discussion throughout the entire semester. Their graduate
students were able to negotiate, debate, and reason with each other within their small group
space in the simulation. Prinsen and Overton stated that through embedded negotiation and
discussion support, students were able to articulate their knowledge and understanding of the
content into creating task-related artifacts. Moreover, throughout the articulation process,
students asked for minimal support from their teachers.
Exploration
Exploration originally referred to pushing students to frame problems or questions and to
use the skills they have learned to solve the problems or questions they initiated (Collins et al.,
1991). Scholars (e.g., Adam et al., 2008; Podolefsky, Perkins, & Adams, 2010) suggested that
exploration is the most profound function to promote problem-solving when utilizing simulation.
Learners were able to form their own questions and answer them by exploring the simulation.
For example, Prinsen and Overton’s (2011) role-play country policymaking simulation allowed
learners to explore each role and create supportive documents for the responsibility of making
decisions, identifying a country’s problems, and solving the problems. This study requires
minimal instructor support while students were engaged in the simulation. Prinsen and Overton
implied that to allow students to solve complex problems through simulation, they needed more
time to become familiar with the simulation.
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Another example is Taslidere’s (2015) science simulation to explore the photoelectric
effect. In Taslidere’s simulation, the 5E photoelectric learning cycle principle and experts’
support were visualized and presented in the simulation’s interactive control parameter settings.
Different tabs presented the photoelectric process and results, and animation to support
illustration of the light effect processes. Students were able to manipulate the parameter settings
on the control panels, view the light reflection process in the manipulation tab, and check the
results in another tab. The posttest results showed the treatment group improved significantly
compared with the control group. However, the results also showed some students did not
comprehend the content. The findings also indicated that learners required instructors’ in-time
support during the exploration process for concept knowledge clarification.
Summary
This chapter presented studies that utilized simulations to support STEM subject learning.
Since the increasing adoption of simulations into education circa 1970, scholars have attempted
to identify the use of simulation to support content knowledge learning and problem-solving as
well as the potential factors that affect their attitudes toward the simulation or learning subjects.
The literature categorized the studies after 2008 into four major areas: promote content mastery,
promote science process skills and problem-solving, use of guidelines, and tests of embedded
scaffolding elements in simulation. See Table 2.1 for a list of the reviewed literature.
As seen in the literature, the use of simulation showed promising findings for helping
students master subject content (e.g., Bayrak, 2008; Prinsen & Overton, 2011; Sasikala &
Tanyong, 2016; Schnurr, et al., 2014). However, the results on promoting problem-solving
remains inconclusive for various reasons, such as prior knowledge and experiences (Liu et al.,
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2008; Ray & Bhaskaran, 2013; Sherif & Mekkawi, 2010; Yin et al., 2013). Improvement of
problem-solving seems to overlap with learners’ background factors. Researchers have identified
that factors such as learners’ prior knowledge (Liu et al., 2008), years in school (Ray &
Bhaskaran, 2013; Rhema & Miliszewska, 2014), experience and expertise (Ray & Bhaskaran,
2013), expectations (Sherif & Mekkawi, 2010), gender (Rhema & Miliszewska, 2014; Suri &
Sharma, 2013), and social background (Atabekova, Gorbatenko, & Chilingaryan, 2015) have
potential influence on students’ use of simulation and their view of embedded scaffolding
strategies or tools. The next chapter details the research methodology, the design of the study, the
hypothesis of the study, and the simulation used in the study.

Table 2.1
Summary of Empirical Studies in Literature Review
Authors

Subjects

Research Methods

Adams et al. (2008)

Physics

Qualitative

Bayrak, C. (2008)

Physics

Experiment

Chemistry

Mixed Methods

Geology

experimental
research

Geological Mapwork &
hands-on simulation model

Engineering

Mixed Methods

Virtual interactive
construction education
(VICE) - serious game

Geography

Mixed methods

Virtual Field Tour (VTF)

Computer Science
- programming

Mixed methods

Chemistry

Mixed Methods

Geology

Mixed Methods

Geography

Qualitative
research

Chamberlain, Lancaster,
Parson, and Perkins (2014)
Drennan, G. R., & Evans, M.
Y. (2011)
Goedert, J. D., Pawloski, R.,
Rokooeisadabad, S., &
Subramaniam, M. (2013).
Jacobson, A. R., Militello, R.,
& Baveye, P. C. (2009)
Liew, TW., Tan, S-M., &
Jayothisa, C. (2013).
Liu, H., Andre, T., &
Greenbowe, T. (2008)
Miller H, McNeal K, Herbert
B. (2014).
Prinsen, G. & Overton, J.
(2011)

Simulation Type and name
67 science related
simulations
Pedagogical Concept
Pearl 3.0
PhET Interactive
Simulations’
Acid-Base Solutions

PowerPoint with Crazy Talk
Animator Pro + IVONA
test-to-speech
Voltaic Cell simulation
Electrolysis simulation
PowerPoint lecture and
Excel build-in data analysis
Context-based, Role-play
Tiers Monde

Participants’
knowledge status

Duration

K12 to College students

Varying

Freshmen

One topic
section

Learners across all level in
undergraduates

One class

Second semester freshmen
with one semester related
topic learning
40 higher school,
6 undergraduate,
6 graduate students
Novice, lesson learned prior to
data collection
Novice in the subject, but
proficient in computer usage
Novice
Collegiate science background
post-graduate students

One major
section
(includes three
major topics)
4 hours prior to
the class + class
period
One topic
section
70 minutes
3 laboratory
periods
One class topic
1 semester

(Continued on following page)
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Table 2.1 (continued)

Authors
Podolefsky, Perkins, & Adams
(2010)
Ray, B., & Bhaskaran, R.
(2013)
Sasikala & Tanyong (2016)
Sherif, A., & Mekkawi, H.
(2010).
Sherrett, B. U., Nefcy, E. J.,
Gummer, E. S., & Koretsky,
M. D. (2013)
Swan, A. E. & O'Donnell, A.
M. (2009)
Taslidere (2015)
Trundle, K. C., & Bell (2010)
Thompson, Nelson, MarbachAd, Keller, and Fagan (2010)
Wang, H. Y., Duh, H. B. L.,
Li, N., Lin, T. J., & Tsai, C. C.
(2014).
Yin, C., Song, Y., Tabata, Y.,
Ogata, H., & Hwang, G.-J.
(2013)

Subjects
Physics
Engineering
Biology

Research
Methods
Qualitative
Research
Quantitative
Research
Mixed methods

Engineering

Quantitative
Research

Chemical Engineering

Qualitative

Biology

Simulation Type and name
PhET Wave Interference
ANSYS Fluent
(commercial software)
N/A
Excavation Game
(interactive computer-aidedlearning game)

Participants’
knowledge status
Novice, learners across all
level in undergraduates
Upper level undergraduates,
masters, and PhD students
Graduate students

Duration
One class
1 semester
One class

Experts and senior level
undergraduate students

3 sessions, 50
minutes each

VCVD learning system

Mixed level of prior
knowledge

3 weeks

Quantitative

Visual Biology Laboratory

Novice

One semester

Physics

Mixed methods

PhET Interactive Simulation

Astronomy

Mixed methods

Starry Night™

Quantitative in Biology

Mixed methods

BathBench

Physics - collaborative
inquiry learning
behavior

Mixed Methods

Augmented reality (AR)

Novice

One class

Computer Science algorithms

experimental
research

Learning Sorting
Algorithms with Mobile
Devices (LSAMD)

Master’s students with prior
algorithm-sorting experiences

One topic
section

All Sophomores with
minimal understanding of the
content
Graduate Students
Novice, learners across all
level in undergraduates

One class
One semester
One semester
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CHAPTER 3
METHODOLOGY

This chapter details the research design, research questions and hypotheses, participants,
instruments, quantitative and qualitative data collection and analysis procedures, validity and
reliability, and internal and external validity.
Research Design

Based on the information from Chapter 2, simulation with embedded scaffolding
strategies has the potential to foster students’ learning improvement in both content knowledge
and problem-solving skills. Background factors, such as students’ experience, gender, grade
levels, ethnicities, and majors may also affect their learning attitudes towards the use of
simulation. The design of this study sought to identify 1) the effects of embedded scaffolding
strategies in a simulation on content knowledge acquisition and problem-solving skills, and 2)
the effects of students’ background factors on their learning attitudes towards the simulation.
This study incorporated a mixed-methods design with a pretest-posttest followed by an
attitudinal scale and focus group interviews. The design of this study used quantitative data
(quasi-experimental data and attitudinal scale) which was further informed with qualitative data
(focus group interviews), and therefore was a sequential explanatory mixed-methods design
(Creswell, 2012; Ivankova, Creswell, & Stick, 2006). The rationale for using sequential
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explanatory design was that evidence for quantitative data was followed by qualitative data
analysis to refine and explain the quantitative results more from the depth of participants’
viewpoints (Ivankova et al., 2006).
Research Questions and Hypotheses

The following research questions and hypotheses served as the framework for this study:
1. Does content knowledge growth differ between learners who use web-based simulation
tools to learn science phenomenon and those who use traditional methods?
Null hypothesis: There is no effect of the web-based simulation tool on students’ content
knowledge growth.
2. Does problem-solving skill growth differ between learners who use web-based simulation
tools to learn science phenomenon and those who use traditional methods?
Null hypothesis: There is no effect of the web-based simulation tool on students’
problem-solving skills.
3. Are background factors, such as age, ethnicity, and years in school related to students’
learning perceptions while using a simulation tool?
Null hypothesis: Students’ background characteristics, such as gender, ethnicity, and
years of school are not related to their learning attitudes.
4. How does the use of a simulation tool promote students’ science learning experiences?
Institutional Review Board
This study was one component of a three-year grant project funded by the National
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Science Foundation. The Principal Investigator (PI) of this grant project is a faculty member
from the Geography Department at Northern Illinois University. The grant research team
included members from several universities: Northern Illinois University, University of Arizona,
Carleton College, and College of Lake County. The project included simulation software
development, implementation, and assessment in engaging undergraduate students in inquirybased interactive learning. The project team at NIU included the Department of Geography,
Department of Computer Science, and the Department of Educational Technology, Research and
Assessment (ETRA).
The research team involved in this study included one faculty member and one research
assistant from the Geography Department, and one faculty member and one research assistant
from the ETRA department at NIU. The research assistant from ETRA participated in the pilot
study that included a training workshop for the teaching assistants and interested professionals
from local area community colleges to determine if the software content and functions were
applicable to college students.
The project started in August 2012 and closed July 31, 2016. Because this study was part
of a large research project, NIU’s Institutional Review Board (IRB) approved all but one
instrument prior to the researcher joining the project. The lone exception was the focus group
interview questions (and consent form). The amended IRB proposal was submitted and the
research was then determined to be exempt under the review of the Office of Research
Compliance and Integrity. The approval letter is included in Appendix A.
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Pilot Study
Prior to starting the course-based study, we pilot tested the instrument and intervention
with seven experienced instructors and professors from Midwest area universities and
community colleges. The purpose of this pilot study was to evaluate the flow of the experiment,
inspect the practice of the inquiry-based guidance modules, and determine the structure of the
content knowledge and problem-solving skills in pre- and posttest instruments and learning
attitude scale. The researcher observed the pilot test participants as they received the introductory
statement, followed modules in completing assignment activities, interacted with each other to
discuss the content, and completed the learning attitude scale. Prior to dismissal, the PI accepted
comments from the participants about utilizing WILSIM-GC in the classroom, activities, and the
content of the instructional materials. Through a one-day workshop, the research team collected
data from observation, focus group interviews, a checklist of instruments, and artifacts from the
teachers. Based on the feedback collected, the team adjusted the modules, items on content
knowledge and problem-solving skills pre- and posttest, and learning attitude scale items.
The data captured through the feedback were considered in re-designing the items in
content knowledge and problem-solving skills pre- and posttest and learning attitude scale as
well as the contents for each module. The pre- and posttest items were reduced in number from
16 to 10. The team kept the items students would answer from the background information and
modified some items to encourage reflection and promote a deeper understanding of the content.
The learning attitude scale was reduced from 57 items to 25 items based on the feedback from
the teachers. The scale was redesigned to focus on students’ technology integration perceptions
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and learning attitudes. Both instruments were designed based on the best practice suggestions
from literature, such as providing background study information to reduce the students’ anxiety
about using technology (Luo et al., 2016).
Research Settings
The study took place in Geography 102 classes at Northern Illinois University over the
course of one semester. Geography 102 is a one-credit class consisting of a lab with a duration of
1 hour and 50 minutes. Different laboratory classes had varying class sizes due to the nature of
the enrollment. Geography 102 is one of the general education science courses that fulfills a
science distributive area requirement. This study used the Web-Based Interactive Landform
Simulation Model – Grand Canyon (WILSIM-GC) as an instrument utilizing content knowledge
and problem-solving skills pre- and posttests, a learning attitude scale, and focus group
interviews. The study included four steps: step 1: pre-lab assignments and installation of
WILSIM-GC; step 2: administration of content knowledge and problem-solving skills pretests,
and step 3: laboratory experiences including the content knowledge and problem-solving skills
posttest and learning attitude scale; step 4: focus group interviews after the lab hours. Figure 3.1
illustrates the research setting.
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Comparison
group use Paperbased method

Pre-lab assignments
Install WILSIM-GC

Step 1

Take content knowledge and
problem solving skills Pre-test

Step 2

First half Lab

Take content knowledge and
problem solving skills Posttest
Comparison
group
Use WILSIM

Intervention Group
use WILSIM

Step 3
Intervention
Group use paperbased method

Second Half Lab

Take learning attitude scale

Focus Group Interviews

Step 4

Figure 3.1: Research Setting. Step 1 and 2 will finish prior to the laboratory class.

Sample and Population
The participants were students who were enrolled in entry-level Geography 102. A total
of 43 students participated in intervention study and 45 students participated in the attitudinal
survey in Fall 2014. Additionally 13 students participated in the focus group interviews. There
were a total of 12 females and 31 males who participated in the intervention study. Six
participants identified themselves as African-American; four Hispanics, two Asian-Americans,
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24 White and/or Caucasian, and two Multi- Ethnicity. Among these participants, one identified
him/herself as a freshman, 15 were sophomores, 16 juniors, and nine seniors.
Research Procedures
Two research procedures are introduced in this section: quasi-experimental design and
focus group interviews.
Quasi-Experimental Design
The proposed quasi-experimental study was completed in one laboratory class period. To
facilitate assessment of growth, content knowledge growth and problem-solving skills were
measured at two separate times, as seen in Figure 3.1. This repeated-measures design with the
two different groups reduced possible threats to internal validity. Each participant experienced
both traditional and simulation-learning methods in learning about the landform changes in the
Grand Canyon. The study followed the process displayed in Figure 3.2.
Welcome
The instructor of the class sent out an announcement on Blackboard to address the
activities of the new lesson topic: the Grand Canyon landform evolution. The announcement
addressed the purpose of the study as part of the students’ class experience and students’ rights in
this study.
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Introduction
After students accessed the weekly assignment folder with the Grand Canyon project on
BlackBoard, they downloaded WILSIM-GC from the URL to install the simulation onto their
laptop or desktop. Students were encouraged to practice using the simulation prior to the lab.
They received the background information of both the WILSIM-GC and the Grand Canyon as
part of the material. The content knowledge included the origin and development of the Grand
Canyon, erosional processes, and rock properties. The simulation material included a brief
explanation of WILSIM-GC and steps to allow the software to run by adjusting security settings.
Detailed material is included in Appendix B.
Content Knowledge and Problem-Solving Skills Pretest
The pretest on the content knowledge and problem-solving skills included 10 multiplechoice items: each being worth 10 points. Students were required to complete the content
knowledge and problem-solving skills pretest as their homework prior to the laboratory class.
The correct answers were not given at the time of the pretest. Detailed questions are included in
Appendix C.
Lab Class Welcome and Introduction
The course instructors and teaching assistants from the Geography Department
introduced the research assistant from the same department to the class when it began. The
research assistant then greeted the prospective participants. At that time, the research assistant
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reviewed the participants’ rights and extended an invitation to become part of the experiment.
The course instructor alphabetically divided students into two groups: an intervention group and
a comparison group.
Event

Estimated Time

Materials
Announcement on Blackboard

Welcome

Pre-lab assignments: WIMSIM-GC
installation guild, URL, and the Grand
Canyon background information

Introduction

10 minutes

Test was posted on Blackboard with no
correct answer given

Lab Class
Introduction

5 minutes

1. Passed out and collect consent form
2. Collected pre-lab assignment
3. Introduced research assistant
4. Divided class into 2 groups

Intervention

45 minutes

1. Intervention group used WILSIM-GC
2. Comparison group used paper-based
material

Posttest

10 minutes

Test was posted on Blackboard with no
correct answer given.

Reverse group

45 minutes

1. Intervention group used paper based
material
2. Comparison group used WILSIM-GC

Learning attitude
Scale

10 minutes

Filled out Attitude Scale

Pretest

Dismissal

Figure 3.2: Data collection timeline – quasi-experimental design
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Intervention
Intervention group students used WILSIM-GC for approximately 45 minutes to learn the
content; the comparison group engaged in paper-based practice for the same amount of time to
learn the content. Participants in the intervention group were encouraged to use their own laptop
or the lab desktop computers that had WILSIM-GC installed. The user-controlled navigation
within the WILSIM-GC interface allowed each participant to set up parameters, to start and
pause while the simulation animation was running, and to reset the parameters. Using the
parameter navigation elements, each participant controlled the movement needed to complete the
class activities. Inquiry-based modules were used to guide students’ learning processes. Details
of the intervention are described in the intervention section.
Content Knowledge and Problem-Solving Skills Posttest
At the conclusion of the first learning episode, each participant completed the content
knowledge and problem-solving skills posttest. The course instructor made the posttest available
on Blackboard. All participants logged into Blackboard and completed the posttest online prior to
starting the reversal treatment.
Treatment Reversal
In the second half of the laboratory hour, the intervention group and comparison group
reversed. The intervention group used the paper-based material, and the comparison group used
the WILSIM-GC to learn the content.
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Learning Attitude Scale
At the conclusion of the second learning episode, each participant completed the paper
format of the learning attitude scale provided by the research assistant. This scale included 25
items comprising four subdomains: simulation interfaces, learning activities, learning methods,
and overall experience. The item order on the scale was randomized. These items are included in
Appendix D.
Dismissal
The participants left the site of the lab once they completed the learning attitude scale.
The research assistant thanked the participants as they left. In the closing remarks, the research
assistant offered the procedures for accessing a copy of the research results once the study had
been completed.
Focus Group Interview
Focus group interviews were conducted in Spring 2016 after the participants experienced
both traditional and simulation-learning methods about the landform changes in the Grand
Canyon. There were four lab sessions in Spring 2016 across Monday to Thursday. The
participants were volunteers from the lab courses. The researchers sent out a survey to identify
the convenient time for the participants. The participants attend the research site accordingly.
The focus group interview followed the process displayed in Figure 3.3.
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Welcome
The researcher greeted the focus group interviewees in the science lab and also
introduced herself.
Introduction
After the participants all arrived, the researcher introduced the focus group interview
procedures, topics, and estimated time.

Event

Estimated Time

Welcome

2 minutes

Greeting in the science lab classroom

Introduction

2 minutes

Explain the focus group interview process
and estimate time

Distribute Consent
forms

5 minutes

Start interviewing and
record the content

30 minutes

Ask the willingness of
participating in indepth interviews

5 minutes

Materials

Distribute and go through the consent form
and let the participants to know their rights.

Start asking questions and record the
interview content
Participants who are willing to participate
in-depth interview were asked to leave
their names and contact information.

Dismissal

Figure 3.3: Data collection timeline - Focus Group Interview

51
Distribute Consent Forms
After the introduction, the researcher distributed the consent form to the participants. The
consent form is listed in Appendix E. The researcher declared the participants’ rights to
participate in this study, including withdrawing from the study at any point without
compromising their grades in the class. The researcher gave students some time to ask questions
about this study after the introduction and read through the consent form content.
Interview
The following are the focus group interview questions:
1. How did you feel about using WILSIM-GC in learning about Grand Canyon
landform changes?
2. What do you like most about the WILSIM-GC?
3. On a scale from 1 to 10, 1 being the most unhelpful and 10 being the most helpful,
how helpful do you think the WILSIM default settings were? Did they help you
understand the different natural elements that formed today's Grand Canyon?
4. On a scale from 1 to 10, how helpful do you think the definition function was when
you moved the mouse to the parameter settings? Did you find it helpful or annoying?
Why?
5. Did you check the overhead and long profile views when you ran the program? What
do you think about this feature?

52
6. Back to the lab hour, how many simulation windows did you open during the
experimental time? What did you do with them? On a scale from 1 to 10, how helpful
was opening multiple simulation windows at the same time?
7. Did you have personal questions, such as what if the setting is A instead of B, when
you play with WILSIM-GC? Did you change the settings to confirm your
doubts/assumptions? (If yes, why and what were the results? If no, why not?)
8. On a scale from 1 to 10, how helpful was WILSIM-GC in helping you to learn the
content (such as rock erodibility, hardness contrast of rock, subsidence rate change of
the landform)? What do you think of WILSIM-GC, and why?
9. How does this learning experience promote your interest in learning science?
10. Would you recommend using simulation in other science classes? Such as?
Participating in a Further Study
The researcher asked the participants if they would be willing to participate in in-depth
interviews if it is necessary for the same research. Participants who agreed left their contact
information, including their names and email addresses.
Dismissal
The participants left the site of the focus group interview once they completed the
interview. The researcher thanked the participants again as they left the lab. In the closing
remarks, the researcher offered the procedures for accessing a copy of the results of the study
once the study is completed.
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Intervention
This study used the Web-Based Interactive Landform Simulation Model – Grand Canyon
(WILSIM-GC) and two inquiry based guidance modules in an entry-level geography laboratory
class. The WILSIM-GC simulation software provides 720 meters per pixel resolution of Grand
Canyon topography. It contains the following features: a) the complexity of visual aids: three
dimension (3D) visual aids and animation exploring, embedded graph profiles for understanding
in-depth content knowledge, a user-friendly intuitive navigation interface; b) modeling
parameters; and c) exploring Grand Canyon landform changes.
The original software interface and the quasi-experiment groups used included two
navigation panel pages: the parameter page and the profile page. Both pages contained different
modeling settings. The parameter page interface included three parameter settings: rock
erodibility, hardness contrast of rock, and cliff retreat rate as well as two-time settings:
simulation end time and storage intervals. The simulation starts 6 million years before the present
and ends at the present (0 million years). This tool allowed students to observe 6 million years of
geological evolution in a very short time. The inquiry-based guidance modules explained each
geological parameter. The natural variables from the geological constraints, such as the rate of
bedrock channel erosion, were embedded in the rock erodibility parameter; the weathering and
failure of cliffs were embedded in the cliff retreat rate parameter.
Figure 3.4 demonstrates the original interface with default settings. In this modeling
setting, the user-controlled navigation on the slider bars at the right sides of the screen adjust the
rock erodibility, hardness contrast of rock, and cliff retreat rate, and two-time settings: simulation
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end time and storage intervals. The user-controlled navigation slider bar at the bottom allows
viewing of landform changes.

Figure 3.4: WILSIM – GC default setting.
The newer version of WILSIM-GC (Figure 3.5), used by the focus interview groups, was
upgraded with a) an embedded visualized long profile view and cross section graphics which
simultaneously display when running the settings; b) adding the subsidence rate along the Grand
Wash Fault variable, c) scaffolded definitions of terminology; and d) a distance scale to measure
changes. The new interface was more user friendly.
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Figure 3.5: The new interface. Black highlights are the newly added interface function
including map scale and pop-up definition and embedded cross section and long profile view.
Figure 3.6 demonstrates the changing of the Hard/Soft Contrast parameter to 4 and Cliff
Retreat Rate to 0.55 m/kyr. The simulation run time starts at 6 million years ago and the End
Time is 1 million years beyond the present time. The arrow indicates the direction of the crosssection. The newer version functionality is consistent with the original version, except for the
additional section pages.
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Figure 3.6: WILSIM – GC interface example: Hard/Soft Contrast: 4 and Cliff Retreat Rate: 0.55
m/kyr.
Figure 3.7 displays the Grand Canyon landform changes 2 million years ago based on the
Figure 3.6 parameter setting (original interface). Figure 3.8 is the overhead view with the same
parameter setting as Figure 3.6 with a run time of 1 million years in the future.

Figure 3.7: WILSIM – GC parameter settings. This figure has the same parameter setting as
Figure 3.6 when the animation displayed the Grand Canyon landform 2 million years ago.
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Figure 3.8: WILSIM - GC overhead view.
After the learners finished the parameter settings, the software generated an overall
landscape view and an overhead view. The overall landscape view displayed on the same
interface page as the five parameter settings. The overhead view showed on the cross section
setting page. In the original version of WILSIM-GC, the simulation software allowed users to
save the data of the cross-section and long profile. Based on the data, learners can create a plot of
the cross-section and profile with Microsoft Excel to compare the resulting changes every one
million years. Figure 3.9 display the long profile created in Microsoft Excel using data saved
from the same parameter setting as shown in Figure 3.6. Learners who participated in the focus
group interviews used the newer version of WILSIM-GC. The new updated version included this
function but also displayed the long portfolio view and cross section view on the screen (see
Figure 3.10 for example).
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Figure 3.9: The long profile view. The long profile at different times resulted from default
parameter values of WILSIM-GC displayed in Excel chart format. The sudden changes in
elevation along the profile show the location of the kickpoint. (Luo, 2014)

Figure 3.10: The new interface – embedded long profile view.
The design of the simulation utilized a Java applet that authorized learners to open
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multiple simulations and compare the findings from manipulating different parameters. This
function allowed students to think about the complexity of landform changes in a broader view,
or closer to authentic scenarios. The learners were encouraged to follow the inquiry-based
guidance module for completing different tasks to have the best learning outcomes from utilizing
WILSIM-GC.
Two inquiry-based guidance modules were introduced in the lab: the pre-lab module and
the in-lab module. The pre-lab module provides the content knowledge about the Grand
Canyon’s natural landforms, natural geological development, and the software installation Java
setting instructions. It also includes learning goals and the purposes for using WILSIM-GC as
well as navigating WILSIM-GC with single parameter change practice and questions that asked
students to respond with narratives. The in-lab module includes different scenarios as subquestions to guide students to explore different effects for each parameter, compare various
parameters within one or two scenarios, and enable learners to articulate knowledge between the
different cases. Students were encouraged to read both modules during the lab period.
Instrumentation
The instruments that were used in this study include content knowledge and problemsolving skills pre- and posttest, and a learning attitude scale. The pre- and posttest included the
same ten multiple-choice items, with each item worth 10 points. Thus, scores on each test ranged
from 0 to 100 points. Five items were designed to test students’ content knowledge about the
Grand Canyon; the other five were problem-solving related items that required students to apply
higher order thinking skills. The learning attitude scale contains 25 learning attitude items
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addressing ten simulation interface items, five learning activity items, and ten learning method
items. Students were asked to circle a value ranging from 1 to 6 to indicate their degree of
agreement, from 1 = “strongly disagree” to 6 = “strongly agree.” A total score was computed as
the mean score across items. Thus, scores on the learning attitude scale ranged from 1 to 6.
Students were also asked to provide demographic information including age, ethnicity, and year
in school.
Data Analysis
Independent Variables

Simulation has been suggested as a better tool to assist invisible science phenomenon
learning (Liu, Andre, & Greenbowe, 2008). The study was designed to offer a clearer
understanding of how simulation and embedded scaffolding strategies can impact content
knowledge growth and higher order thinking skill growth. Additionally, Wallace (1976) has
pointed out that background characteristics have potential in affecting students’ learning and
educational experiences. Therefore, the study assessed background characteristics such as
participants’ ethnicity, gender, years in school and majors and related them to the students’
learning attitudes.
Dependent Variables

The dependent variables in the first three questions of this study were variables that can
be changed by other factors. These included content knowledge, problem-solving skills, and
learning attitude. Content knowledge and problem-solving skills have the potential to be

61
influenced by different learning methods, such as simulation and traditional methods. Similarly,
learning attitude, and specifically, four constructs: simulation interface, learning activities, and
the learning method, and experiences toward simulation, could potentially be related to
participants’ characteristics.
The data collected from this study consisted of the content knowledge and problemsolving pre- and posttest results from both the intervention group and comparison group as well
as the learning attitude scale results. The researcher employed a repeated-measures analysis of
variance (ANOVA) model to examine group differences in the growth in scores from pretest to
posttest. The researcher assessed the posttest score differences for the two groups through
analysis of covariance (ANCOVA). Regression was used to determine the relationships between
the background characteristics and attitude scale scores.
Data analysis was carried out using the analytical computer software, Statistical Package
for the Social Sciences (SPSS) 21 for Windows. The pre- and posttest results were assessed for
two outcomes: content knowledge and problem-solving. The content knowledge item scores
were summed across the five items and the total score range was between 0 to 50 points. The
problem-solving item scores were summed across the five items and the total score range was
also between 0 to 50 points. Prior to conducting repeated-measures ANOVA, the researcher
screened the data, constructed frequency distributions for all variables and identifying outliers
and missing values, as well as computed descriptive statistics (e.g., mean, standard deviation,
skewness, and kurtosis). All data were assessed to reveal potential violations of assumptions
associated with repeated-measures ANOVA, ANCOVA, and regression. For example,
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homogeneity of variance is determined by carrying Levene’s test and/or assessing variance
ratios. Results were used to determine any statistically significant main effects for the
intervention and the background characteristics. An a priori significance criterion of α = .05 was
used for all hypothesis tests. The strength of any relationship revealed in the analyses of the data
was determined by a calculation of eta-squared.
Each learning attitude sub-scale score was computed as the mean of the corresponding
item scores. Thus, the total score range for each attitude sub-scale was between 1 and 6. Prior to
conducting regression, the researcher screened the data, constructing frequency distribution for
all variables, identify outliers and missing values, as well as computing descriptive statistics
(e.g., mean, standard deviation, skewness, and kurtosis). Prior to conducting the regressions to
determine whether students’ learning perceptions are related to their background factors, each
learning subscale score was computed as the mean of the corresponding item scores as well as
the mean score of the entire attitude scale. The regression analysis determined the relationship
among background characteristics (i.e., gender, ethnicity, and years in school) and the dependent
variable (i.e., the attitudes toward interface and the attitudes toward learning activities).
Regression assumptions of linearity, normality, and homoscedasticity were assessed.
Reliability
The study employed the simulation software WILSIM-GC that was designed and
developed specifically for learning about the landform evolution the Grand Canyon. The purpose
of this study was to determine the effect of using a web-based interactive simulation with a group
of higher education students in a science class. The design of the intervention was based on an

63
NSF-funded WILSIM-GC project that involved engaging undergraduate students’ science
learning activities.
To examine the effect of the intervention on content knowledge growth and problemsolving skills growth, pre- and posttest instruments were used to gather outcome data that
assessed the effectiveness of the intervention. The reliability of the resulting data was assessed so
as to enhance the internal validity of the study (Gay, Mills, & Airasian, 2011). The Kuder–
Richardson Formula 20 (KR-20) was computed after the data were collected to assess the
internal consistency of the scores resulting from the knowledge and problem-solving instruments
(Fraenkel, Wallen, & Hyun, 2012). This study conducted one pretest and one posttest, where
each test contains five content knowledge items and five problem-solving skills items. The
content knowledge items in pre- and posttest are the same five items. The participants who select
the correct answer in response to items such as “what is topographic relief?” received 10 points,
while those selecting incorrect responses received 0 points. The problem-solving skills items in
the pre- and posttest were the same five items. Items such as “The Grand Canyon formed directly
through geological processes related to?” required the participants to apply higher order thinking
skills to distinguish the direct and indirect reasons that formed the Grand Canyon for determining
the most appropriate answer. The pre- and posttest items and answer options of these items were
randomized. The items were multiple choice with possible answers from A to D.
Cronbach’s alpha coefficient was computed after the learning attitude scale data were
collected to assess the internal consistency of the scores resulting from each of the three
subscales of this instrument (simulation interface, learning activities, and the learning method).
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Internal Validity
Internal validity refers to the extent to which the relationship observed between two or
more variables is free from ambiguity stemming from potential factors (Fraenkel et al., 2012). In
this study, the use of repeated-measures design was employed to control for several potential
internal validity threats such as history, treatments, regression, mortality, and maturation.
However, differences in the content knowledge and problem-solving skills posttest results
between the comparison group and the intervention group could be attributed to characteristic
differences between groups or unreliable pretest results.
As another approach to minimizing these threats, a one way ANCOVA with pretest score
as a covariate was carried out. The use of a pretest score allowed the study to control the
preexisting differences between two groups. The intention with using ANCOVA was to adjust the
posttest means for pretest differences among the groups to balance the results when the group
was nonrandomized and/or the pretest scores were not reliable. The results of the pre- and
posttest are addressed in Chapter 4. Focus group interviews were conducted to clarify the
quantitative results and answer research question 4.
External Validity
The external validity of a study is often affected when the research design aims at a
particular population that is difficult to duplicate because of different curriculum systems (Gay et
al., 2006). The participants in the present study were students enrolled in the geography
laboratory class, who were considered as a convenience sample. Thus the generalizability is
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limited to individuals or classes similar to this study. The use of laboratory time was inflexible.
In this study, the students had 1 hour and 50 minutes to complete both intervention and
traditional methods, and a content knowledge post-test and a learning attitude scale. Similar
research could be conducted with participants with similar background characteristics. However,
if the same study is conducted in a different school with a longer duration, the results could
differ.

CHAPTER 4
RESULTS AND FINDINGS

This chapter includes results pertaining to an intervention and attitudinal survey data
collected in Fall 2014, and results from focus group interview data collected in Spring 2016.
Research questions 1, 2, and 3 use data collected in Fall 2014 (N = 43) because the number of the
participants in Spring 2015 (N = 23) was too small. Research question 4 uses the data collected
in Spring 2016 (N = 13). The WILSIM-GC interface was improved in 2015 and included
updates, for example, to the long profile view and cross section view so that, rather than being
generated manually in Microsoft Excel, they would automatically show the results in WILSIMGC. Additionally, the definitions of the terminology are provided on the 2015 interface. 1
Forty-five participants completed the paper-version of the attitudinal survey in Fall 2014;
however, only 43 students participated in the intervention study. Among the 45 completed
attitudinal surveys, seven were missing data on the participants’ ethnicity and four were missing
data on year in school. Among the 43 participants in the experiment, 20 were in the intervention
group, and 23 were in the comparison group. In the intervention group, there were two female
and 18 male students: eight sophomores, nine juniors, and three seniors. Among these 20
students, there were three African-American students, one Asian-American student, and 13
Caucasian students. In the comparison group, there were ten female and thirteen male students:

The details of the changes and interface graphics are provided in the findings of research
question 4.
1
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one freshman, seven sophomores, seven juniors, and six seniors. Among these 23 students, there
were three African-American students, four Hispanic students, one Asian-American student,
eleven Caucasian students, and two students of multi-ethnicity. The gender and ethnicity
distributions were not uniform, with more male students (n = 33) than female students (n = 12),
and the majority of the students being Caucasian. Table 4.1 presents demographic information
for students in each group.
There were no missing data and no outliers among the Content Knowledge pretest and
posttest scores and Problem-Solving pretest and posttest scores. The mean and median values of
the total pretest scores across all participants were M = 63.49, Med = 60; the mean and median
value of the posttest scores were M = 74.19, Med = 80 (Table 4.2). Figure 4.1 shows that the
distribution of total pretest and posttest scores are close to normally distributed. Reliability of the
obtained Content Knowledge and Problem-Solving scores was poor, with values of KR-20
ranging from .009 to .422 (see Table 4.3). The reason may be the test items are few (five items in
content knowledge and five items in problem-solving).
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Table 4.1
Distribution of Demographic Characteristics for Sample Participants
Intervention Group
Gender
Female
Male
Year at School
Freshman
Sophomore
Junior
Senior
Ethnicity
African-American
Native American
Hispanic
Asian-American
White/Caucasian
Multi- Ethnicity

Comparison
group

Total

2
18

10
13

12
31

0
8
9
3

1
7
7
6

1
15
16
9

3
0
0
1
13
0

3
0
4
1
11
2

6
0
4
2
24
2

Table 4.2
Content Knowledge Pretest and Posttest Descriptive Statistics

Pretest
Posttest

N
43
43

M
63.49
74.19

Med
60
80

SD
16.46
14.68

Minimum
30
30

Maximum
100
100
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Content Knowledge Grade Frequencies

Frequency

20
15
10
5
0
20

30

40

50

Grades
Pre-Content Knowledge

Post-Content Knowledge

Problem-Solving Skills Grade Frequencies

Frequency

20
15
10
5
0
10

20

30

40

50

Grades
Pre-Problem Solving Skills

Post-Problem Solving Skills

Figure 4.1: The distribution of all participants’ performance results in content knowledge and
problem-solving skills pretest and posttest scores.

Table 4.3
Reliability (KR-20) of Content Knowledge and Problem-Solving Pretest and Posttest Scores
Content Knowledge (Pretest)
Content Knowledge (Pretest)
Problem-solving Skills (Pretest)
Problem-solving Skills (Posttest)

Number of Items
5
5
5
5

KR-20
0.36
0.42
0.11
0.09
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Among the 45 students who completed the attitudinal survey, seven were missing
ethnicity data and four were missing data on year in school. Items 2, 7, 9, 15, and 22 in the
attitudinal survey each had one missing value. The alpha coefficient for scores from these 25
items was .935, suggesting that the items have excellent internal consistency. The alpha
reliability coefficient corresponding to the data from each subscale was as follows: attitude
toward the WILSIM-GC activities (alpha =.756); attitude toward the WILSIM-GC interface
(alpha = .827); learning preferences (alpha = .897), and attitude toward the WILSIM-GC overall
experience (alpha = .733). Table 4.4 displays the reliability results for data from each subscale.
Table 4.5 displays the descriptive statistics for each subscale.
Table 4.4
Reliability (Cronbach’s Alpha) for Scores from the Attitudinal Survey
Number of
items
10
6
5
4
25

Attitudinal Survey Subscales
Attitude toward the WILSIM-GC activities
Attitude toward the WILSIM-GC interface
Learning Preferences
Attitude toward the overall experiences
Total score

Cronbach’s
Alpha
0.76
0.83
0.90
0.73
0.94

Table 4.5
Attitudinal Survey Descriptive Statistics
Attitudinal Survey Subscales
Attitude toward the WILSIM-GC activities
Attitude toward the WILSIM-GC interface
Learning Preferences
Attitude toward the overall experiences
Entire Survey

M
3.81
4.02
3.65
3.90
3.95

SD
0.68
0.73
1.15
1.1
0.91
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Research Question 1
The first research question asked, “Does content knowledge growth differ between
learners who use web-based simulation tools to learn science phenomenon and those who use
traditional methods?” To address this question, repeated-measures analysis of variance
(ANOVA) was conducted to examine whether a significant difference between intervention and
comparison groups was evident in participants’ test score growth. At the sample level, the mean
score of the content knowledge in the intervention group improved from M = 30.50 to 44.00. The
mean score of the content knowledge in the comparison group improved from 32.17 to 36.96
(see Table 4.6). Box’s Test indicated that the assumption of equal variance/covariance metrics
between groups was met (p = .06).
Additionally, the variance ratios of the content knowledge pretest and the posttest were
1.36 and 1.14 respectively, which suggested that the variances were not substantially different.
Table 4.7 shows the test of within-subjects effects resulting from the repeated-measures ANOVA
indicating that there is a statistically significant effect of the treatment on content knowledge
growth [F(1,41) = 6.63, p = .014], with the intervention group showing greater growth than the
comparison group. A moderate-to-large effect size was evident ( 𝜂2 = .09). Also, participants in
both groups showed statistically significant growth in content knowledge across time [F(1,41) =
29.15, p < .001; Table 4.8]. No main effect of the treatment was evident, however [F(1,41) =
1.18, p = .283]. Figure 4.2 shows a plot of the mean values across time for each group. The
residuals of pretest and posttest showed some skewness (Figure 4.3).
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Table 4.6
Descriptive Statistics for Content Knowledge pretest and posttest

Pretest of Content Knowledge
Posttest of Content Knowledge

Intervention group
n
M
SD Skew
20 30.50 9.99 0.60
20 44.00 8.21 -0.91

Comparison group
n
M
SD Skew
23 32.17 11.66 0.48
23 36.96 8.76 0.23

Table 4.7
Within-Subjects Effects for Repeated-Measures ANOVA on Content Knowledge Test Scores
Source
Time
Time × Group
Error(Time)

Sum of Squares
1787.87
406.47
2514.46

df
1
1
41

MS
1787.87
406.47
61.33

F
29.15
6.63

p
<.001
.014

Table 4.8
Between-Subjects Effects for Repeated-Measures ANOVA on Content Knowledge Test Scores
Sum of Squares
110344.92
154.22
5338.80

df
1
1
41

MS
110344.92
154.22
130.22

F
847.41
1.18

p
<.001
.283

Content Knowledge Grwoth
Mean Scores

Source
Intercept
Group
Error

60
40
20
0
Content Knowledge Pretest

Content Knowledge Posttest

Time
Intervention Group

Comparison group

Figure 4.2: Mean Scores of Content Knowledge by Group and Time.
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Figure 4.3: Histograms of residuals from ANOVA of Content Knowledge test scores.
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Because of the observed skewness in residuals from ANOVA, and because sample sizes
were not large, a non-parametric Mann-Whitney test additionally was carried out on the growth
scores (posttest – pretest). Results from this test demonstrated a significant difference between
groups in content knowledge growth (z = -2.32, p = .02). See Tables 4.09 and 4.10.

Table 4.9
Mann-Whitney Test Results for Content Knowledge Test Score Growth
Group
n
Intervention group 20
Difference in Content
Comparison group 23
knowledge (Posttest – Pretest)
Total
43

Mean Rank
26.60
18.00

Sum of Ranks
532.00
414.00

Table 4.10
Mann-Whitney Test Statistics for Difference in Content Knowledge Test Score Growth
Statistic
Mann-Whitney U
Wilcoxon W
z
Asymp. p. (2-tailed)

Value
138.00
414.00
-2.32
.02

Finally, analysis of covariance (ANCOVA) was carried out to access Content Knowledge
posttest score differences between the two groups, controlling for pretest scores. Levene’s test
showed equality of variance between groups (p = .832). Homogeneity of regression slopes also
was evident (p = .297, Figure 4.4). Results from the ANCOVA indicated that, after controlling
for Content Knowledge pretest scores, there was a statistically significant difference in Content
Knowledge Posttest scores between the comparison and intervention groups [F(1,40) = 9.42, p
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= .004], with large effect size (η2 = .17, Table 4.9). The residual values resulting from this
ANCOVA were slightly negatively skewed (Figure 4.5).
Table 4.11
ANCOVA Descriptive Statistics and Adjusted Mean

Group
Intervention
Group
Comparison
Group
Total

95% Confidence Interval
Lower
Upper
Bound
Bound

N

Mean

Adjusted
Mean

Std.
Deviation

Std.
Error

20

44

44.259a

8.208

1.791

40.638

47.879

23

36.96

36.732a

8.757

1.670

33.356

40.107

43

40.23

9.126

Dependent Variable: Post Content Knowledge

Content Knowledge Posttest

Intervention group

Comparison group

Content Knowledge Pretest
Figure 4.4: Scatterplot of Content Knowledge posttest scores on Content Knowledge pretest
scores by group.
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Table 4.12
Test of Homogeneity Regression Slopes for ANCOVA of Content Knowledge Posttest Scores
Source
Group
Pretest of Content Knowledge
Group × Pretest of Content Knowledge
Error

Sum of Squares
250.00
316.56
71.33
2487.50

df
1
1
1
39

MS
250.00
316.56
71.33
63.78

F
p
3.92 .055
4.96 .032
1.12 .297

Table 4.13
ANCOVA Results for Content Knowledge Posttest Scores
Source
Pretest of Content Knowledge
Group
Error

Sum of Squares
408.13
602.43
2558.83

df
1
1
40

MS
408.13
602.43
63.97

F
6.38
9.42

p
.016
.004

Figure 4.5: Histogram of residuals from ANCOVA carried out on Content Knowledge test scores.
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Based on the above results, there is sufficient evidence to reject the null hypothesis
associated with research question 1. That is, there was a significant effect of the web-based
simulation tool on students’ content knowledge growth.
Research Question 2
The second research question asked, “Does problem-solving skill growth differ between
learners who use web-based simulation tools to learn science phenomenon and those who use
traditional methods? “ To answer this question, repeated-measures ANOVA was conducted to
determine whether the treatment had a significant effect on the participants’ problem-solving
skills test score growth. At the sample level, the mean problem-solving skills score in the
intervention group increased from M = 31.5 to M = 32.61. The mean problem-solving skills score
in the comparison group increased from M = 32.50 to M = 35.22. Box’s Test (p = .20) indicated
that the assumption of equality of covariance was met. Additionally, the variance ratios for the
problem-solving skills pretest and posttest scores were 1.48 and 1.0, respectively, which suggests
that the variances were equal. Table 4.15 shows the ANOVA tests of within-subjects effects,
indicating that there is no statistically significant effect of the treatment on Problem-Solving test
score growth [F (1, 41) = 0.24, p =.63]. Additionally, no significant growth in Problem-Solving
test scores was evident across groups [F (1, 41) = 1.18, p =.28], and no main effect of the
treatment occurred [F (1, 41) = 0.12, p =.73]. Figure 4.6 shows the plot of means. The residuals
from this analysis showed some skewness (Figure 4.7).
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Table 4.14
Descriptive Statistics for Problem-Solving Skills pretest and posttest

Pretest of Problem-solving skills
Posttest of Problem-solving skills

Intervention group
n
M
SD Skew
20 31.50 9.33 0.11
20 32.50 9.67 -0.17

Comparison group
n
M
SD
Skew
23 32.61 11.37 -0.36
23 35.22 9.94 -0.37

Table 4.15
Within-Subjects Effects for Repeated-Measures ANOVA on Problem-Solving Test Scores
Sum of
Squares
69.656
13.842
2411.739

Source
Time
Time × Group
Error (Time)

Df
1
1
41

MS
69.656
13.842
58.823

F
1.184
0.235

Sig.
.283
.630

Table 4.16
Between-Subjects Effects for Repeated-Measures ANOVA on Problem-Solving Test Scores
Sum of Squares
43966.64
13.15
4498.48

Source
Intercept
Group
Error

df
1
1
41

MS
43966.64
13.15
109.72

F
400.72
.12

p
< .001
.731

Mean Scores

Problem Solving Growth
36
34
32
30
28
Problem-solving skills Pretest

Problem-solving skills Posttest

Time
Intervention Group

Comparison group

Figure 4.6: Mean Scores of Problem-Solving Skill by Group and Time.
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Figure 4.7: Histograms of residuals from repeated-measures ANOVA of Problem-Solving test
scores.
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Because some skewness of residuals was evident, and sample sizes were not large, a nonparametric Mann-Whitney test was carried out on the Problem-Solving growth scores. Results
showed no statistically significant difference between the two groups z = 0.27. p = .712, see
Tables 4.17 and 4.18.

Table 4.17
Mann-Whitney Test Results for Problem-Solving Test Score Growth
Group
Intervention group
Difference in Problem-Solving Skills
Comparison group
Pretest and Posttest
Total

n Mean Rank
20
21.28
23
22.63
43

Sum of Ranks
425.50
520.50

Table 4.18
Mann-Whitney Test Statistics for Difference in Problem-Solving Test Score Growth
Statistic
Mann-Whitney U
Wilcoxon W
Z
Asymp. p. (2-tailed)

Value
215.50
425.50
-0.37
.71

Additionally, ANCOVA was carried out to assess differences in Problem-Solving posttest
scores between the two groups, controlling for pretest scores. Levene’s test showed equality of
variance across groups (p = .317). Homogeneity of regression slopes also was evident (p = .115,
Table 4.20, Figure 4.8). When controlling for Problem-Solving pretest scores, there was no
statistically significant difference in Problem-Solving post-test scores between the comparison
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and intervention groups [F (1, 40) = 0.68, p =.413; Table 4.19]. Residuals from this analysis
were not strongly skewed (Figure 4.9).
Table 4.19
ANCOVA Descriptive Statistics and Adjusted Mean

Group
Intervention
Group
Comparison
Group
Total

95% Confidence Interval
Lower
Upper
Bound
Bound

N

Mean

Adjusted
Mean

Std.
Deviation

Std.
Error

20

32.50

32.739a

9.665

2.008

28.682

36.796

23

35.22

35.010a

9.941

1.872

31.227

38.793

43

33.95

33.95

9.793

Problem Solving Skills Posttest

Dependent Variable: Post Problem-Solving Skills

Intervention group

Comparison group

Problem Solving Skills Pretest
Figure 4.8: Scatterplot of Problem-Solving posttest scores on Problem-Solving pretest scores by
group.
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Table 4.20
Test of Homogeneity Regression Slopes for ANCOVA of Problem-Solving Posttest Scores
Source
Group
Pretest of Problem-solving skills
Group × Pretest of Problem-solving skills
Error

Sum of Squares df
247.54
1
888.04
1
200.85
1
3018.22
39

MS
247.54
888.04
200.85
77.39

F
p
3.20 .081
11.48 .002
2.60 .115

Table 4.21
ANCOVA Results for Problem-solving Skills Posttest Scores
Source
Pretest of Problem-solving skills
Group
Error

Sum of Squares
729.84
55.00
3219.07

df
1
1
40

MS
729.84
55.00
80.48

F
Sig.
9.07 .004
0.68 .413

Figure 4.9: Histograms of residuals from ANCOVA of Problem-Solving test scores.
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Based on the above results, there was not significant evidence to reject the null
hypothesis associated with research question 2. That is, there was no observed effect of the webbased simulation tools on students’ problem-solving skills growth.
Research Question 3
The third research question asked, “Are background factors, such as age, ethnicity, and
years in school related to students’ learning perceptions while using a simulation tool?” To
address this question, five linear regression analyses were carried out using the following
subscale scores as outcomes (1) Attitude toward the WILSIM-GC activities, (2) Attitude toward
the WILSIM-GC interface, (3) Learning Preferences (4): Attitude toward the WILSIM-GC
overall experiences, and (5) The attitudinal survey results. Each analysis used gender, year in
school, and ethnicity as predictor variables. Prior to analysis, missing values were replaced using
hot-deck imputation. Due to small cell sample sizes, freshmen and the sophomores were
aggregated into a single group, as were juniors and seniors. Similarly, White and non-Hispanic
students were aggregated into a single group, as were non-White or Hispanic students.

Subscale 1: Attitude toward the WILSIM-GC activities
Results from the regression of Attitude toward the WILSIM-GC activities on gender, year
in school, and ethnicity are shown in Tables 4.22, 4.23, and 4.24. The regression was not
statistically significant [F (3, 37) = 0.53, p = .67], which indicated that participants’ background
factors did not significantly predict their learning attitudes toward WILSIM-GC activities, with
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only 4.4% of the variability in the outcome explained by the predictors. No residual outliers were
evident and the residuals were close to normally distributed (Figure 4.10). Figure 4.11 shows the
assumption of homoscedasticity was met. Figure 4.12. shows the relationship between the
outcome and the linear combination of the predictors.
Table 4.22
Multiple Correlation Values for the Regression of Attitude towards WILSIM-GC Activities on
Gender, Year in School, and Ethnicity
R
.21a

R2
.04

Adjusted R2
-.04

Std. Error of the Estimate
0.70

Table 4.23
Coefficients for the Regression of Attitude towards WILSIM-GC Activities on Gender, Year in
School, and Ethnicity
Unstandardized Coefficients
B
Std. Error
(Constant)
3.56
0.27
Male
0.29
0.28
Year in school
0.07
0.25
Ethnicity
-0.03
0.24
a. Dependent Variable: Subscale 1: Activities

Standardized Coefficients
β
0.19
0.050
-0.02

t
p.
13.40 <.001
1.03 .309
0.27 .786
-0.14 .888

Table 4.24
ANOVA for Regression of Attitude towards WILSIM-GC Activities on Gender, Year in School,
and Ethnicity
Regression
Residual
Total

Sum of Squares
0.76
16.42
17.18

df
3
34
37

MS
0.25
0.48

F
0.53

p
.668
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Figure 4.10: Distribution of residuals for the regression of attitude towards WILSIM-GC
activities on gender, year in school, and ethnicity.

Figure 4.11: Plot of standardized residuals on predicted values for regression of attitude towards

86
WILSIM-GC activities on gender, year in school, and ethnicity.

Figure 4.12: Scatterplot of attitude towards the WILSIM-GC activities on predicted values of the
model.
Subscale 2: Attitude toward the WILSIM-GC interface
Results from the regression of Attitude toward the WILSIM-GC interface on gender, year
in school, and ethnicity are shown in Tables 4.25, 4.26, and 4.27. The regression was not
statistically significant [F (3, 37) = 0.41, p = .744], which indicated that participants’ background
factors did not significantly predict their learning attitudes toward WILSIM-GC interface, with
only 3.5% of the variability in the outcome explained by the predictors. No residual outliers were
evident and the residuals were close to normally distributed (Figure 4.13). Figure 4.14 shows the
assumption of homoscedasticity was met. Figure 4.15 shows the relationship between the
outcome and the linear combination of the predictors.
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Table 4.25
Multiple Correlation Values for Regression of Attitude towards WILSIM-GC
Interface on Gender, Year in School, and Ethnicity
R2
.035

R
.188a

Adjusted R2
-.05

Std. Error of the Estimate
.75
1.34

Table 4.26
Coefficients for the Regression of Attitude towards WILSIM-GC Interface on Gender, Year in
School, and Ethnicity

Model
(Constant)
Male
Year in school
Ethnicity

Unstandardized Coefficients
B
Std. Error
3.81
0.29
0.31
0.30
-0.12
0.27
0.14
0.25

Standardized Coefficients
β
0.18
-0.08
0.10

t
13.38
1.01
-0.44
0.56

Sig.
<.001
.320
.663
.577

Table 4.27
ANOVA for Regression of Attitude towards WILSIM-GC Interface on Gender,
Year in School, and Ethnicity
Regression
Residual
Total

Sum of Squares
0.69
18.86
19.57

df
3
34
37

MS
0.23
0.56

F
0.41

p
.74
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Figure 4.13: Distribution of residuals for the regression of attitude towards WILSIM-GC
interface on gender, year in school, and ethnicity.

Figure 4.14: Plot of standardized residuals on predicted values for regression of attitude towards
WILSIM-GC interface on gender, year in school, and ethnicity.
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Figure 4.15: Scatterplot of attitude towards the WILSIM-GC activities on predicted values of the
model.
Subscale 3: Learning Preferences
Results from the regression of Learning Preferences between WILSIM-GC and
traditional learning methods on gender, year in school, and ethnicity are shown in Tables 4.28 ,
4.29, and 4.30. The regression is non-significant [F (3, 37) = 0.522, p = .67], which indicated that
participants’ background factors did not significantly predict their learning attitudes toward
WILSIM-GC and the traditional learning methods, with only 4.4% of the variability in the
outcome explained by the predictors. No residual outliers were evident and the residuals were
close to normally distributed (Figure 4.16). Figure 4.17 shows the assumptions of
homoscedasticity was met. Figure 4.18 shows the relationship between the outcome and the
linear combination of the predictors.
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Table 4.28
Multiple Correlation Values for Regression of learning preferences on Gender, Year in
School, and Ethnicity
R
.210a

R2
.044

Adjusted R2
-.040

Std. Error of the Estimate
1.17

Table 4.29
Coefficients for the Regression of Attitude towards learning preferences on Gender, Year in
School, and Ethnicity

Model
(Constant)
Male
Year in school
Ethnicity

Unstandardized Coefficients
B
Std. Error
3.93
0.45
-0.43
0.48
0.29
0.42
-0.35
0.40

Standardized Coefficients
β
-0.16
0.12
-0.15

t
8.75
-0.89
0.68
-0.88

p
<.001
.379
.500
.387

Table 4.30
ANOVA for Regression of Learning Preferences on Gender, Year in School, and Ethnicity
Regression
Residual
Total

Sum of Squares
2.16
46.86
49.02

df
3
34
37

MS
0.72
1.38

F
0.52

p
.670b
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Figure 4.16: Distribution of residuals for the regression of attitude towards WILSIM-GC
activities on gender, year in school, and ethnicity.
Dependent Variable: Subscale 3: Learning Preferences

Figure 4.17: Plot of standardized residuals on predicted values for regression of attitude towards
WILSIM-GC activities on gender, year in school, and ethnicity.
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Subscale 3: Learning Preferences

Dependent Variable: Subscale 3: Learning Preferences

Figure 4.18: Scatterplot of attitude towards the WILSIM-GC activities on predicted values of the
model.

Subscale 4: Attitude toward the WILSIM-GC learning experiences
Results from the regression of attitude toward the WILSIM-GC learning experiences on
gender, year in school, and ethnicity are shown in Tables 4.31, 4.32, and 4.33. The regression
was non-significant [F (3, 37) = 0.09, p = .99], which indicated that participants’ background
factors did not significantly predict their learning attitudes toward the overall experience, with
only 0.1% of the variability in the outcome explained by the predictors. No residual outliers were
evident and the residuals were close to normally distributed (Figure 4.19). Figure 4.20 shows the
assumptions of homoscedasticity was met. Figure 4.21 shows the relationship between the
outcome and the linear combination of the predictors.
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Table 4.31
Multiple Correlation Values for Regression of Attitude towards WILSIM-GC learning
experiences on Gender, Year in School, and Ethnicity
R
0.027a

R2
0.001

Adjusted R2
-0.087

Std. Error of the Estimate
1.153

Table 4.32
Coefficients for the Regression of Attitude towards WILSIM-GC learning experiences on
Gender, Year in School, and Ethnicity

Model
(Constant)
Male
Year in school
Ethnicity

Unstandardized Coefficients
B
Std. Error
3.95
0.44
-0.01
0.47
-0.03
0.41
-0.05
0.39

Standardized Coefficients
β
-0.002
-0.01
-0.02

t
8.96
-0.01
-0.07
-0.13

p
.<001
.992
.942
.895

Table 4.33
ANOVA for Regression of Attitude toward WILSIM-GC learning experiences on Gender, Year
in School, and Ethnicity
Regression
Residual
Total

Sum of Squares
0.03
45.27
45.30

df
3
34
37

MS
0.01
1.33

F
0.09

p
.999
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Figure 4.19: Distribution of residuals for the regression of attitude towards WILSIM-GC
learning experiences on gender, year in school, and ethnicity.

Figure 4.20: Plot of standardized residuals on predicted values for regression of attitude towards
WILSIM-GC learning experiences on gender, year in school, and ethnicity.
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Figure 4.21: Scatterplot of attitude towards the WILSIM-GC learning experience on predicted
values of the model.

Overall Attitudinal Survey Score
Results from the regression of Overall Attitudinal Survey Score on gender, year in school,
and ethnicity are shown in Tables 4.34, 4.35, and 4.36. The regression was non-significant [F (3,
37) = 0.01, p = .99], which indicated that participants’ background factors did not significantly
predict their overall attitude score, with only 0.1% of the variability in the outcome explained by
the predictors. No residual outliers were evident and the residuals were close to normally
distributed (Figure 4.22). Figure 4.23 shows the assumptions of homoscedasticity was met.
Figure 4.24 shows the relationship between the outcome and the linear combination of the
predictors.
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Table 4.34
Multiple Correlation Values for Regression of Overall Attitudinal Survey Score on Gender,
Year in School, and Ethnicity
R
.031a

R2
.001

Adjusted R2
-.087

Std. Error of the Estimate
0.95

Table 4.35
Coefficients for the Regression of attitude towards WILSIM-GC on Gender, Year in School, and
Ethnicity

Model
(Constant)
Male
Year in school
Ethnicity

Unstandardized Coefficients Standardized Coefficients
B
Std. Error
Beta
3.94
0.36
0.05
0.39
0.03
-0.05
0.34
-0.03
0.01
0.32
0.01

t
10.81
0.14
-0.15
0.04

p
<.000
.89
.88
.97

Table 4.36
ANOVA for Regression of attitude towards WILSIM-GC on Gender, Year in School, and
Ethnicity
Model
Regression
Residual
Total

Sum of Squares
0.03
30.82
30.85

df
3
34
37

MS
0.01
0.91

F
0.01

p.
.998b
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Figure 4.22: Distribution of residuals for the regression of attitude towards WILSIM-GC on
gender, year in school, and ethnicity.

Figure 4.23: Plot of standardized residuals on predicted values for regression of attitude towards
WILSIM-GC on gender, year in school, and ethnicity.
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Figure 4.24: Scatterplot of attitude towards the WILSIM-GC on predicted values of the model.
In conclusion, the results pertaining to research questions 1 and 2 showed that the
intervention group’s content knowledge grew significantly more than the comparison group’s,
but this was not the case for problem-solving skills. Results pertaining to research question 3
showed that students’ self-report of their background factors had no significant relationship with
simulation learning experience in terms of simulation activities, interface, learning preferences,
and learning experiences. To facilitate a holistic understanding of students’ learning experiences
with the WILSIM-GC, four focus group interviews were conducted to investigate students’
perceptions of their use of WILSIM-GC for promoting their learning experiences.
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Research Question 4
The fourth research question asked, “How does the use of a simulation tool promote
students’ science learning experiences?” To answer this question, four focus group interviews
were conducted after students completed both simulation and traditional versions in Spring 2016.
Two focus group interviews had only one participant who showed up; the other two had five and
six participants, respectively. In total, 13 students enrolled in Geography 102, which was taught
by two different instructors who participated in the focus group interviews. These students
included six freshmen, one sophomore, three juniors, two seniors, and one post-baccalaureate
student. Table 4.37 shows the focus group distribution in each group. Each participant was
assigned a pseudonym to protect his or her identity. Table 4.38 shows the demographic
information for the participants.

Table 4.37
Focus Group Distribution and Duration Time
Focus Group
Focus Group 1
Focus Group 2
Focus Group 3
Focus Group 4

Participants
Marquess
Caleb, Kandace, Lisa, Miles,
Danny
Max
Ashley, Potter, Gibson, Gina,
Kendra, Isaac

Duration Time
10 Minutes
30 minutes
10 minutes
40 minutes
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Table 4.38
Focus Group Interview Participants’ Demographic Information
Participant
Marquess
Caleb
Kandace
Lisa
Miles
Danny
Max
Ashley
Potter
Gibson
Gina
Kendra
Isaac

Year in School
Junior
Senior
Freshmen
Freshmen
Sophomore
Junior
Freshmen
Freshmen
Senior/Transfer
Freshmen
Junior
Freshmen
Post-Bacc

Major
Business Administration & Management
Philosophy
Early Childhood Education
Elementary Education
History
Geology
History
Pre-Elementary Education
Environmental Studies
Geography – Geomantic
Classic Studies
Corporate Communications
Environmental Studies

Open coding was used to identify the emerging patterns such as simulation is fun,
interesting, like, easy use, visual, visual helps, compared with the reading version. There were 90
codes originally, and these codes were merged into subsequent themes that emerged from
patterns. For example, code “easy use,” “like, “visual,” and “tackle the interface” were relabeled
as “engagement with the simulation.” There were originally four themes: scaffolding strategies
and engagement, exploration and hesitation, learning struggles, and promoting learning interests.
After reviewing the initial codes, I compared the codes between science and non-science majors.
Four students were categorized as science majors and nine students were non-science majors.
The findings showed students who identified themselves as science majors were able to
scientifically describe the learning content, whereas non-science majors needed reminders on
terminology or some of the learning content.
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Perceptions of WILSIM-GC
As noted by the participants, the WILSIM-GC visual interface and interactive features
afforded different opportunities for engaging in learning. The scaffolding function provided in
WILSIM-GC included module handouts, scaffolded terminology definitions, default modeling
setting, and exploring Grand Canyon with their own hypothesis or lab exercises. Science and
non-science majors’ had different perceptions and attitudes toward different scaffolded functions.
Science majors had more questions and suggestions about these scaffolding functions. Non–
science majors, on the other hand, showed appreciation of these functions.
Science Major
Danny commented that “I thought overall it was very easy and simple to use, but just the
fact that it was in Java, it’s kind of a bit weird.” He contended that one of the functions,
parameter pop-up definitions, “gets in the way because it was on the bottom like around the
corner and it’s kinda blocking one or two variables that you can adjust. It will be kind of nice if
it’s in the upper corner or somewhere else.” He described this program as being more useful,
“more supplementary.”
Outside of lab activities, Isaac said he explored the WILSIM-GC, explaining “I set mine
to 3 million years to the future so it helps me to see how much more it would do it and how much
more to become of it.” He commented, “It is cool to see what it is looks like if the process is
going on—you know, over these long period of times, what it actually looks like in the end… I
think it would be cool to see the cut out of the profile, but not just the graph, maybe a 3-D profile
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view performing, so you can actually see the erosion better.”
Potter quickly mentioned that “compared to the reading version of it, I thought
[WILSIM-GC] was much easier to understand the content.” However, Potter also thought “it was
hard to discern the differences of downcutting or headward erosion from Simulation.”
Gibson mentioned that “I think the cross section and profile graphic was pretty helpful; I
can see how that [water erosion] works, see how the depths of the Canyon starts the changes less
and with changes more over time. I thought the default setting as the base point to work from and
it’s easy to have that come up when you first start it, ‘cause you may not know how to
manipulate the parameters.” However, he continued that “I think it’d be cool if you can simulate
like the closer view of the water is actually flowing and braiding the surfaces.”
Non-science major
Different from Danny’s opinion of the parameter pop-up definitions, Ashley argued that
"I think that’s a very helpful tool. It gives you extra information like ‘hey, by the way, this is
what you are changing.’ You know. It was very helpful!” She further described that “[the
simulation] lets you see it more quickly and you can watch it multiple times if you need to, it’s
not like one and done… you can definitely see it over and over again, you don’t have to rechange all the settings.” However, she also mentioned that during the activities, “I had to go back
to look at the definition of headward and downcutting erosions in order to really know what it
meant [in interpreting the results].”
Gina described that “I think you get two different perspectives [in WILSIM-GC]. You can
see it in 3-D that’s fine, but you may wonder ‘I think it gets deeper’ but it’s not unless you take a
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look at a cross-section graph and you know that it actually did. She was the only non-science
major participant who explored the WILSIM-GC outside of lab activities. She stated that “I
changed the hardness and softness ratio just to see what would it happen when the Grand Canyon
is really soft and so I just want to see how it would get. It was really interesting and it was kind
of fun… I might go home and play with it, honestly.”
Caleb reflected on his learning experiences: “WILSIM-GC is very visually attractive and
easy to use. But I do think there’s definitely some background information you need before going
into it. Otherwise the WILSIM would just be a cool thing to play with.” Lisa soon followed that
“you definitely need to have some background knowledge, at least know what the things
(factors) are. Other than that, I like it better than the paper version because you can actually see it
and more clearly understand how it actually happened.”
Max described that the WILSIM-GC is "much better visually compared with the paper
version… you actually are able to see the depth of the Canyon through the 3D and line up with
different graphs, and you can also see the time [differences in changing]. It’s all easier to answer
some of the questions like what shape is it? How deep is it? What are more physical
characteristics so you can actually see that on the computer [WILSIM] versus on the paper, you
got a black and white graphic and you kind just need to go from there.” Max continued that
“When you look at a 3D glow, you can feel the mountain raise itself, and you can kind like
seeing that on the WILSIM. Versus on the paper, it’s flat (the tone dropped), you can only base it
on the shavings and it’s just gets more confusing.” Max concluded that “I think [simulation]
makes you wonder more, makes you learn more about the subject and other subjects… It
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definitely promotes learning. It actually gets you want to learn more.”
Miles added that “I’m a history guy, not really science math related, but I do like going
through activities like this and I’m not going through miss-buster aspect [emphasis the tone] of
it…This one was a lot more in-depth and show realistic situations.” Kandace also claimed that “I
personally struggle with science but that activities were kind of fun and interesting for me.
Perceptions in Learning
While all focus group participants described their WILSIM-GC experience of learning
about the Grand Canyon as positive, using descriptors such as “fun,” “I like it,” “interactive,”
"ease to use," “interesting,” and “cool,” there were slight differences in their reasons for these
positive descriptions. For example, science majors were able to scientifically describe the
learning content, whereas non-science majors needed reminders of terminology related to the
learning topic. As another example, while everyone described WILSIM-GC as very helpful for
understanding the content, science majors (i.e., Danny, Gibson, Isaac, and Potter) shared the
content related examples on “how” WILSIM-GC helped them to learn, whereas non-science
majors focused on the visual aids and feature aspects.
Science Majors
Danny, a junior geology major, described that he “[has] been very interested in learning
science” and the simulation is a nice “supplementary” material in comparison with traditional
methods. He described that he “went through the text first, to actually get a good understanding
of hard erode versus soft erode, and then what kind of downcutting erosion is taking place in
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simulation through the model.” Danny said that he has never seen science software that allowed
him to adjust parameters and be able to see the natural environment changes, as WILSIM-GC
did. When he played around with the variables, he played the camera peak view in which he
could see “how fast and where the depth moved to, actually increasing and decreasing.”
Gibson, a freshman world geography major, explained that the experience of the
embedded generated cross section and long profile graphic helped him understand the content by
“seeing how that [water erosion] works, how the depths of the Canyon starts with the changes
less and with changes more over time,” and he concluded this learning experience was “more
interesting and fun."
Isaac, an environmental studies major, thought WILSIM-GC, which allowed him to “see
the changes from 5 million years or 6 million years down to the present day or even future,” was
very helpful because he could see “how much more the erosion would shape the Grand Canyon
and how much more to become of the Grand Canyon today.” Isaac shared that “I think it would
be cool to see the cut out of the profile but not just the graph, maybe a 3D profile view
performing so you can actually see the erosion better.”
Potter, a senior environmental studies major, described how WILISM helped him in
learning the content. He said "I think being able to tackle the hardness of the rock, to see how the
different erosion process looks and how each one changes with different levels of hardness on
the rock. If the rocks get harder, then the Canyon gets skinnier, you were actually able to see how
that actually affected it as it opposed to hearing it."
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Non-science Majors
Non-science majors, on the other hand, tended to use cluster terms (e.g. visuals and
graphics) while describing their learning experiences with WILSIM-GC. The focus group
interview process had a few content reflection moments when students tended to use “you” to
refer themselves in learning the content.
Caleb and Lisa, a senior philosophy major and a freshman elementary education major,
provided some non-science majors' descriptions of WILSIM-GC such as "easy to use," "visually
appealing." Caleb explained that “Graphic does help. I’m a visual learner. This as a substitute of
document would be nice. You just setting up your own parameter your own terms and you don’t
have to go out and search or something like this.” Lisa stated that “It’s easy to use and visually
appealing like the colors and everything. I like it better than the paper version because you can
actually see it and more clearly understand how it actually happened. So I think I like it better
because of the visual aspect and I like the easy manipulating of the program."
Another history major freshman, Max, commented about the visual elements that allowed
for "the depth of the Canyon through the 3D and line up with different graphs and also see it
change in time." Kendra, a freshman corporate communication major, said “I am really artistic
and seeing images to help my learning is definitely helping. If I’m reading something and I can
see the question that is asked for on the image, then I’m more able to answer the question
accurately.” She thought the WILSIM-GC was “nice and interesting because you got to see it
[the million years of Grand Canyon landform] changes with your own eyes.”
Two students referred to their learning in the drawing exercises. A junior classic studies
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major, Gina, described that “we had a drawing in the reading portion that showed lines with the
different levels of the elevation, but there’s a difference between seeing it in the flat page and
seeing it in the 3D surface. I think it’s definitely helpful to actually see the cross section graph
and the 3D images.” Miles, a history major sophomore, shared that “the graphing [of assignment
activities] is very difficult to me. The particular casts and the lines we had to do is painstaking. I
never use it. But this actual computer version is super simple and actually makes sense to me.”
Ashley, a pre-elementary education major, was the only student that described herself as a
traditional learner who learns better from reading but thought the visual simulation was “helpful
and good to clarify my doubts” while learning the content. You can get your information from
the reading and go back to WILSIM to actually see it happening.”
Overall, whether participants claimed they were visual learners or learn better with
graphics (i.e., Miles, Caleb, and Kendra) or more of traditional method learner (i.e., Ashley),
they all agreed that learning science through simulation is engaging because of the visual
elements. From the focus group interview, one can conclude that, whether students are science or
non-science majors, they liked WILSIM-GC, especially for its 3D visual display, embedded
graphics of the cross-section view, and long profile view, and its easy navigation interface.
Although some of the non-science students claimed they struggled with science, they still
showed interest and excitement while discussing WILSIM-GC. The finding from the focus
group rounded out the missing background factors that the attitudinal survey did not capture –
students’ perspectives based on their majors. The implications of this finding will be discussed in
the next chapter.
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Summary
This chapter includes both quantitative and qualitative results. The pre- and posttest
results showed there is a statistically significant effect of the treatment on content knowledge
growth [F(1,41) = 6.63, p = .014], with a moderate-to-large effect size ( 𝜂2 = .09). Although the
residuals of pre- and posttests showed some skewness, because sample sizes were not large, a
non-parametric Mann-Whitney test demonstrated a significant difference between groups in
content knowledge growth (z = -2.32, p = .02). Analysis of covariance (ANCOVA) was carried
out to access content knowledge posttest score differences between the two groups. This result
indicates after controlling for content knowledge pretest scores, there was a statistically
significant difference in content knowledge posttest scores between the comparison and
intervention groups [F(1,40) = 9.42, p = .004], with a large effect size (η2 = .17). The
background factors, such as years in school, gender, and ethnicity, in the attitudinal survey did
not show a relationship with their science learning attitudes. However, the focus group interview
revealed that students’ major, personal interest, and background knowledge in science affected
their perceived learning and reactions to WILSIM-GC. Science majors considered WILSIM-GC
as supplementary, whereas non-science majors thought WILSIM-GC is an engaging learning tool
that made learning more fun and easier.
While this chapter presented the results, Chapter 5 will discuss the findings in relation to
the existing literature and present the implication in the field as well as recommendations and
suggestions for future studies.

CHAPTER 5
DISCUSSION
The purpose of this study was to examine the use of embedded scaffolding in promoting
science learning. This study was established upon the understanding of current embedded
scaffolding strategies in simulations to measure learners’ academic achievements. Primarily, the
purpose of the study was to investigate the use of simulation in promoting students’ content
knowledge growth and problem-solving skill growth. The study also investigated potential
factors that may affect learning with simulation, such as students’ prior knowledge, educational
level, and demographic factors (e.g., gender, year in school, ethnicity).
The design of this study employed a pretest-posttest quasi-experimental design, an
attitudinal survey, and focus group interviews. The demographic of the students were
undergraduates across all levels, and most were Caucasian males. The gender distribution in this
study was skewed as expected because in general, more male students are interested in science
than female students. Students completed the pre-test prior to their lab hour, and completed the
post-test after the experiments, switched groups in utilizing different learning methods, then
completed the additional survey.
Overall, the findings of this study supported the use of simulation in science learning,
particularly in content knowledge acquisition among novice learners. This study also supports
the participants’ prior knowledge of the learning subject affecting their perceptions and views of
the simulation. The findings indicated learners’ background factors such as race, gender, and
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year in school have no influence on their attitudes in using simulation. However, learners’
claimed majors (or personal interests) may play roles in their views of the use of simulation. The
following is the discussion of each research question finding.
Research Question 1

Does content knowledge growth differ between learners who use web-based simulation
tools to learn science phenomenon and those who use traditional methods?
A repeated-measures ANOVA was conducted to examine group differences in growth in
the scores from pretest to posttest. The pretest and posttest results showed participants in both
groups had significant growth in content knowledge across time. There was a statistically
significant effect of the treatment on content knowledge growth with a moderate-to-large effect
size. The results from this test demonstrated a significant difference between groups in content
knowledge growth. Analysis of covariance (ANCOVA) indicated there was a statistically
significant difference between the comparison and intervention groups in content knowledge
posttest scores, with large effect size. Thus, this study rejects the null hypothesis that there is no
effect of the web-based simulation tool on students’ content knowledge.
The participants in the study were a diverse racial group across all undergraduate levels.
The results indicated that the use of simulation had a positive impact on the intervention group’s
understanding of content knowledge as compared with the comparison group. The result
suggested students learned content knowledge better through simulation in a short period of time.
This result is consistent with previous experimental studies (Bayrak, 2008; Sasikala & Tanyong,
2016; Yin et al., 2013). Prior knowledge, educational level, subject learning, and possible
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geographic constraints do not seem to affect learners’ understanding of the content knowledge
while utilizing simulation for the first time. In Bayrak's study, the participants from a university
in Turkey were biology and chemistry freshmen with minimal prior knowledge of physics. The
context of Bayrak’s study examined the use of simulation in measuring student’s physics content
learning. Although the characteristics of the study participants (i.e., the demographic of the
participants and their specific learning interests) differed from this study, the outcomes from the
content knowledge growth were the same. Another experimental study that was conducted by
Sasikala and Tanyong (2016) in India also shared the same findings, only its learners were
nursing students in a graduate biology class. Sasikala and Tanyong also found that intervention
group’s performances were significantly improved in posttest results. The learning outcome of
the content knowledge acquisition also improved significantly. Moreover, the participants in Yin
et al.’s study were master’s students with prior algorithm-sorting experience who had prior
knowledge of this from their undergraduate studies. Their findings also supported that content
knowledge growth with simulation was successful in the intervention group. So here, regardless
of the participants’ year in school, learning of STEM subject content knowledge with simulation
was effective and efficient as compared to traditional learning methods.
In general, the simulation provided a rich contextual environment through scaffolding
strategies, such as animation, visual stimulation, modeling, and interactive design. These
scaffolding techniques formed an affordance environment and provided opportunities for
learners to interact with the “natural environment” and enhance meaningful learning. The
WILSIM-GC used rapid replay modeling settings to demonstrate experts’ experience. Such an
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embedded implicit scaffold strategy allowed learners to learn from experts. Additionally, the
animation, visual stimulation, and interactive design were key implicit scaffolding strategies
used to keep students engaged in the learning process. With a rotated 3D animation, students
were able to see how different factors (parameters) control the evolution of Grand Canyon from
different angles over millions of years. Such visual stimulation puts students in the real-world
context as students no longer imagine the landform changes in their heads but saw them with
their eyes. The built-in geologic natural variables were embedded in the use of cognitive
scaffolding in WILSIM-GC. Furthermore, a clear inquiry-based guideline stimulated students to
explore the evolution of the landform after tackling one or more parameters. This learning
method scaffolds their learning of the content from being simple to complex with interactive
visual aids.
Research Question 2

Does problem-solving skill growth differ between learners who use web-based simulation
tools to learn science phenomenon and those who use traditional methods?
A repeated-measures ANOVA was conducted to examine group differences in growth of
the scores from pretest to posttest. The pretest and posttest results showed participants in both
groups had no significant growth in problem-solving skills across time.
That is, there was no statistically significant effect of the treatment on problem-solving
skills test score growth. The ANCOVA results also indicated that there was no significant
growth in problem-solving test scores across groups and no main effect of the treatment. Thus,
the result failed to reject the null hypothesis that there is no difference in students’ problem-
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solving skills growth between learners who used web-based simulation tools to learn science
phenomena and those who use traditional methods.
The results pertaining to this research question do not support learners’ test results were
significantly improved from using simulation when compared with those who used traditional
methods. This finding is consistent with Trundle and Bell’s (2010) study on the use of simulation
among a group of graduate students who were pursuing science teaching certificates. Although
the participants were not the same, findings showed that learners’ higher order thinking skills
were improved over time in both the control and treatment groups, but the scores in the
intervention group’s did not grow significantly compared with the comparison group’s.
Trundle and Bell suggested considering adopting other representations and modes of
instruction in the instructional intervention. However, the current study’s findings were contrary
to prior research that suggested the use of simulation to promote a deeper learning of complex
contents (Prinsen & Overton, 2010; Sherret et al., 2013; Taslidere, 2015). Among these studies,
Prinsen and Overton reported that students were able to learn more deeply within the simulation
context environment and collaboration with teammates after 12-weeks of study. Their findings
supported that students were able to comprehend and articulate the content better when they took
time to identify the pedagogical components that were built within the simulation as well as
learning through collaborative discussion. Thompson et al. described that the intervention group
improved overall grades; however, little improvement was seen on the questions that required
higher order thinking skills. Taslidere stated that the simulation he used was a rich and welldesigned environment along with other scaffolding materials (e.g., PowerPoint presentation) to
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foster the learning process. However, students had challenges to articulate their opinion on
reasoning science phenomena while learning through the simulation. As a result, instructors’ intime instructional strategies were required while delivering the content.
Thus, the assumption of inconsistent findings with the previous studies may be related to
the scaffolding strategies that were embedded in the simulation. In this study, WILSIM-GC
employed 3D exploration and supporting multiple views that allowed learners to test their
hypothesis and make comparison while practicing the activities. Learners also followed the
corresponding module guidelines in the complex practice questions. Such scaffolding techniques
provided opportunities for learners to think critically and solve complex problems. Future studies
can reconsider the embedded scaffolding strategies in the simulation to facilitate a deeper
learning.
In addition, the majority of existing studies were focused on simulation engagement and
overall achievement. Few studies have been conducted on experimental design with pre- and
posttest of students’ problem-solving skills improvement in learning science phenomena. It may
be a benefit to clarify the findings if future studies utilize both experimental research and preposttests to examine problem-solving skill learning outcomes through embedded scaffold
simulation environments.
Research Question 3
Are background factors, such as age, ethnicity, and years in school related to students’
learning perceptions while using a simulation tool?
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In this section, the results of the analysis of background factors, such as gender, years in
school, and ethnicity were discussed. Specific attention was given to prior research studies that
have been conducted on above three factors. Fewer studies were found that specifically discussed
gender differences, years in school, and ethnicity in predicting learning through simulation.
However, studies were found that addressed the relationship between gender differences, year in
school, ethnicity, and learning attitudes towards online learning or computer-assisted learning
environments.
Linear regression analyses were carried out using the participants’ gender, year in school,
and ethnicity as predictor variables to measure learners’ attitudes toward the WILSIM-GC
activities, interface, learning preferences, attitude toward the WILSIM-GC experiences, and all
items in the attitudinal survey as a whole. The results of this study suggested that the learners’
gender, year in school, and ethnicity do not predict their learning attitudes while using a
simulation tool
Null Hypothesis 1: Students' gender does not predict learning attitude while using simulation.
The analysis confirmed that gender was not a statistically significant predictor of
learners’ learning attitudes towards simulation; therefore, the result failed to reject the null
hypothesis that students' gender does not predict learning attitude while using simulation through
the aspects of WILSIM-GC activities, interface, learning preferences, overall experiences, and
the attitudinal survey results as a whole. This finding is consistent with prior research that found
gender is not predictive of student’s learning attitudes toward the use of technology (Suri &
Sharma, 2013; Rhema & Miliszewska, 2014). Suri and Sharma conducted regression analysis
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with a university population similar to the current study, although the number of female
participants was larger than the number of males. They recruited participants from a university
across five departments to identify whether the gender predicts students’ learning attitude
towards diverse online learning environments. Another regression study that was conducted by
Rhema and Miliszewska also revealed that gender is not predictive of learning attitude towards
online instructional tools. Their participants were a group of undergraduate engineering students
from two universities in Libya. Although in this study the gender distribution was, again, more
heavily female than male, the results regarding gender are consistent with this study. Gender
differences do not seem to affect learning attitudes in regard to online learning or computerassisted learning.
Null Hypothesis 2: Students' year in school does not predict learning attitude while using
simulation.
The analysis confirmed that year in school was not a statistically significant predictor of
learners’ learning attitudes towards simulation; therefore, the result failed to reject the null
hypothesis that students' year in school does not predict learning attitude while using simulation
through the aspects of WILSIM-GC activities, interface, learning preferences, overall
experiences, and the attitudinal survey results as a whole. The results of this study are similar to
prior research that did not identify year in school as a predictive factor for learning through
technology (Rhema & Miliszewska, 2014). The findings were consistent with Rhema and
Miliszewska’s finding from two universities’ undergraduate engineering students that years in
school did not predict learning attitudes towards various web-based instructional tools for
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learning science. The previous study weighted more on the use of computer-assisted medium
than simulation while using year in school as a predictor. It may be beneficial to clarify the
findings if future studies focus on the use of simulation as a predictor.
Null Hypothesis 3: Students' ethnicity does not predict learning attitude while using
simulation.
The analysis confirmed that ethnicity was not a statistically significant predictor of
learners’ learning attitudes towards simulation; therefore, the result failed to reject the null
hypothesis that students' ethnicity does not predict learning attitude while using simulation
through the aspects of WILSIM-GC activities, interface, learning preferences, overall
experiences, and the attitudinal survey results as a whole. This finding is consistent with prior
research that found this construct not to be predictive (Atabekova, Gorbatenko, & Chilingaryan,
2015). In Atabekova et al.’s study, they recruited participants from seven universities in
Moscow, Russia to identify whether the ethnicity predicts students’ learning attitude towards
diverse online learning environments. Their study compared diverse ethnic groups to identify
whether ethnicity affected students’ learning attitude toward language learning through online
learning environment. Although the analytic approach was different (mean comparisons versus
linear regression), both studies tried to examine if ethnic background was related to
undergraduate students’ learning attitudes while utilizing online instructional tools.
Many studies have focused on the use of online instructional tools as a whole, instead of
focusing on the use of simulation to predict learners’ learning attitudes through gender, year in
school, and ethnicity. Considering the characteristics of simulation (e.g., visual stimulation,
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interface interactivities, embedded scaffolding) and the use of simulation in the science lab
classroom, such instructional tools provide more engaging learning opportunities than lecturing
in other online environments. It may be beneficial if future studies focus on the use of simulation
in science learning and use gender, year in year, and ethnicity as predictors of students’ learning
attitudes.
Research Question 4
How does the use of a simulation tool promote students’ science learning experiences?
In this section, the analysis of the four focus group interviews was presented. Specific
attention was given to prior research studies that relate to this study.
Four focus group interviews were conducted to investigate students’ perceptions of their
use of WILSIM-GC for promoting learning experiences. One of the findings from the focus
group interview was that students who claimed they were science related majors related majors
responded differently to the WILSIM-GC from non-science majors. The non-science major
students in this study seem to share several similarities with Liu et al.’s (2008) low level of prior
content knowledge students, in that they used simulation as a major resource to find the answers,
had difficulties understanding the verbal explanations, and used the visual information in the
simulations to communicate. In this study, non-science major students consistently relied on
science majors’ help with terminology during the interview. While asking about how simulation
helped them in learning, they relied on the help from visually appealing descriptions instead of
an in-depth discussion on their learning through simulation. Furthermore, non-science major
students used simulation as a basic learning resource. They replayed default settings and watched
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the 3D visual animation to grasp the answers for completing lab activities. These examples
demonstrate that students applied different strategies to solve problems while using computer
simulations to learn about erosion types that can affect the Grand Canyon. The students with
lower prior knowledge or non-science majors seemed to use simulation differently than students
with higher prior knowledge or science majors.
Another finding of this study was that very few students explored the simulation outside
of the required lab activity regardless of their major. The majority of the students only followed
the lab-guided questions and tried to answer these issues because they just wanted to complete
the required activities. They did not attempt to explore the simulation during lab hours. The
result of engaging exploration is consistent with Chamberlain, Lancaster, Parson, and Perkins’
(2014) and Adam et al.’s (2008) studies. The participants in Chamberlain et al.’s study were
similar to this study: they were across different majors and year in school. Chamberlain et al.
stated that explicit instructions shifted students’ attention to the directions and away from
exploratory interaction with the simulation. Adams et al. also stated that students paid more
attention to the guided question instead of simulation itself. The current study supports the
findings that learners’ attention were captured by the corresponding guidance rather than
exploring WILSIM-GC.
A third finding showed the use of modeling in the simulation affected students
differently. The participants in this study considered WILSIM-GC as a demonstration tool and a
learning tool that provided a more solid function for them to understand the content concepts,
whereas Adams et al.’s (2008) non-science majors considered the simulation as a demonstration
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tool instead of a learning tool. This inconsistency between these two studies is because of the
difference in the design of the simulation function and the use of scaffolding strategies. Adams et
al.’s simulation used modeling strategy to demonstrate the use of simulation. WILSIM-GC, on
the other hand, embedded science phenomena into the simulation and used modeling to promote
the understanding of the content.
Implications
This mixed design research aimed to examine undergraduates’ science learning through
simulation from both qualitative and quantitative aspects. The rationale for this study supports
the embedded scaffolding strategies in simulation has the potential to successfully increase the
science learning in content knowledge. The simulation used in this study incorporated several
scaffolding strategies: 1) the visual affordance environment (i.e., animation of the landform
change, the rotation view from different angle), 2) the embedded natural variable in the
interactive parameter settings, 3) the modeling default setting, 4) the pop-up and fade away
definitions of each parameter terminology, 5) the visual display on screen and spreadsheet to
support cognitive learning of the content(i.e., long profile view), and 6) the inquiry-based
structure handout to support exploration through scientific hypotheses. The findings of this study
supported current studies on the use of WILSIM-GC to enhance learning, especially content
knowledge. The findings also revealed that the simulation successfully engaged both science
majors and non-science majors in the learning process.
In this study, science and non-science majors interpreted the embedded scaffolding
strategies differently. For example, non-science majors viewed the modeling default setting as
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learning from an expert and relied on the replay function to explore the landform changes. While
learning within this authentic context, they relied on the built-in constraints and the
corresponding guidelines to better understand the science terminology and phenomena. In
addition, non-science majors all showed excitement as they explored the Grand Canyon through
WILSIM-GC. On the other hand, science majors considered the modeling default setting as a
learning point to scaffold them to learn the advanced content. Some of them had experienced
different simulation tools in other classes. They also showed excitement, but their “wow”
moment and the time spent to be familiar with the environment were shorter than non-science
majors. They used the corresponding guideline to further test their scientific hypothesis.
Overall, from a quantitative research aspect, the results showed the intervention group’s
content knowledge improved significantly in a very short period of time compared to the
comparison group who used a traditional learning method. From a qualitative research aspect,
the results showed both science and non-science learners were engaged and could successfully
explored the Grand Canyon landform changes within the designated lab hours. However, the
qualitative analysis indicated that their majors affected their learning attitudes toward the
materials and simulation, especially on how they interpret the embedded scaffolding strategies.
Thus, embedded scaffolding strategies should emphasize the application, analysis, and
evaluation skills related to the subject. Perhaps the design principles of science simulation should
include built-in tasks with different levels of complexity and instant feedback that align with the
course objectives.

122
Limitation
The present study utilized the simulation software WILSIM-GC to engage student
science learning about landform evolution of the Grand Canyon. The study was limited in the use
of one subject content topic with one web-interactive simulation software at one university. The
participant sample size is limited to one semester of one undergraduate geology-focused
laboratory course. The student sample selection was dependent on the university enrollment at
that specific period of time. The results of this study also were limited by the small sample size
and the skewed gender distribution in the science classroom. Pretests and posttests in content
knowledge and problem-solving skills were limited to 10 items (5 content knowledge and 5
problem-solving skills). The small number of the pre- and posted test items may have affected
the reliability of obtained scores. The duration of the intervention was limited to one half of the
total lab hours (approximately 45 minutes). Therefore, the generalizability of the students’
content knowledge and problem-solving skill results is limited to individuals or classes similar to
this study.
Future Studies

In this study, WILSIM-GC employed 3D exploration and supporting multiple views that
allowed learners to test their hypotheses and make comparisons while practicing the activities.
Learners also followed the corresponding module guidelines in the complex practice questions.
Such scaffolding techniques were supposed to provide opportunities for learners to think
critically and solve complex problems. However, science majors and non-science majors
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interpreted and used the embedded scaffolding function differently. Future studies could
emphasize the embedded scaffolding in providing learning affordance to support science
learning interests and facilitate heterogeneity group students’ collaborative learning
opportunities. For example, to increase user controllable scaffolding functions, allow science
majors to have freedom in controlling the simulation, but also visually support non-science
majors’ cognitive learning in the new topic. In addition, previous studies supported that the
collaboration between high prior knowledge and low prior knowledge students has the potential
to improve problem-solving skills. Future studies could include the design of the simulation to
consider embedding a group/cohort discussion space to facilitate collaboration between science
and non-science majors. Furthermore, previous studies and this study showed that the inquirybased guidelines drew learners’ attention from simulation to the guidelines and had less support
for higher order thinking. Future studies could reconsider examining the current inquiry-based
guidelines, merging some cognitive support or articulation within the simulation to facilitate
deeper learning.
In addition, the majority of existing studies were focused on simulation engagement and
overall achievement. Few studies have been conducted on experimental design with pre- and
posttest of students’ problem-solving skills improvement in learning science phenomena. It may
be a benefit to clarify the findings if future studies utilize both experimental research and preand posttest to examine problem-solving skill learning outcomes through embedded scaffold
simulation environments.
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Conclusion
From this study, one can conclude that simulations, such as WILSIM-GC, with multiple
scaffolding strategies can be effective and efficient in promoting science learning among
undergraduate students. In this study, learners were able to improve their content knowledge of a
new subject in a very short period of time. The effect of the embedded scaffolding strategies also
played critical roles in promoting science learning. For example, modeling strategies can be used
as demonstration tool as well as learning from expert. This depends on how modeling function
was designed and embedded in the simulation. In addition, learners’ majors in science and nonscience also affect their views of different types of embedded scaffolding strategies. Future
studies could consider different types of scaffolding strategies in enhancing learners’ higher order
thinking skills while designing simulation.
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1) Which process is primarily responsible for the formation of V-shaped valleys?
A) downcutting erosion
B) headward erosion
C) knickpoint migration
D) weathering
2) The process in which a stream lengthens upslope by eroding towards its source in
_________.
A) lateral erosion
B) stream rejuvenation
C) headward erosion
D) downcutting
3) The process in which flowing water cuts a channel or trough into the land surface to
create a stream is _______.
A) lateral erosion
B) stream rejuvenation
C) headward erosion
D) downcutting
4) What is topographic relief?
A) The difference in elevation between two points, divided by the distance between
those points.
B) The difference in elevation between two points.
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C) The height above sea level of a particular point.
D) The difference in elevation between the highest and lowest points on a map.
5) A graph that represents a two-dimensional slice of a river valley along its width,
showing how elevation changes with horizontal distance is called _________.
A) An aspect
B) A cross-section
C) A contour
D) A long profile
6) The Grand Canyon formed directly through geological processes related to ________.
A) weathering of bedrock
B) Erosion by running water of the Colorado River
C) transportation of eroded sediments downstream
D) All of the above
7) It took ________ for the Grand Canyon to evolve into its present form.
A) hundreds of years
B) thousands of years
C) hundreds of thousands of years
D) millions of years
8) How does the strength of rock layers affect the slope of resulting topography?
A) Harder rocks tend to form steep slopes
B) Harder rocks tend to form gentler slopes
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C) Softer rocks tend to form gentler slopes
D) Softer rocks tend to form steep slopes

9) If the rock layers in the Grand Canyon were harder than they really are, you would see
___________.
A) Increased width of the main canyon, decreased depth of the main canyon, and an
increased length of the tributary canyons
B) Decreased width of the main canyon, increased depth of the main canyon, and an
increased length of the tributary canyons
C) Decreased width of the main canyon, decreased depth of the main canyon, and a
decreased length of the tributary canyons
D) Increased width of the main canyon, increased depth of the main canyon, and an
increased length of the tributary canyons
10) If the rock layers of the Grand Canyon were composed of the same type of hard rock
(i.e., if there was no contrast in rock strength between the layers and the erosion
resistance was the same), you would see ___________.
A) a decreased length of the tributary canyons
B) an increased length of the tributary canyons
C) an increased width of the tributary canyons
D) no change in length of the tributary canyons
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1. WILSIM-GC helped me understand how Earth systems work over geologic time scales
2. WILSIM-GC makes me feel I can solve the problem based on the information given
3. WILSIM-GC helps me have a clear understanding how I arrive my final outcomes
4. WILSIM-GC provides me better way to analyze landform evolution
5. WILSIM-GC encourages me to identify the critical features of landform evolution
6. WILSIM-GC helps me apply my understanding of the landform evolution
7. WILSIM-GC was engaging and interesting
8. WILSIM-GC helped me to think about “how did the Grand Canyon form.”
9. WILSIM-GC is not compatible with my learning approach
10. The visualization and animation of landform evolution in WILSIM-GC were informative
11. It was easy to navigate among the various features of WILSIM-GC
12. It was easy for me to visualize and compare simulated results to real world landforms
when using WILSIM-GC
13. It was difficult to use WILSIM-GC
14. The inquiry activities/problems were about the right length
15. I am confident that I understand how to use WILSIM-GC
16. I put enough effort into learning WILSIM-GC
17. I feel WILSIM-GC provides inadequate guidelines to help solving problem
18. I feel WILSIM-GC provides inadequate functions to facilitate discussions
19. I want more training on WILSIM-GC
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20. I would like to continue to use WILSIM-GC
21. I would encourage others to use WILSIM-GC
22. Compared to using paper-based self-study material, WILSIM-GC offers me better
management of my thinking process toward the inquiry activities
23. Compared to using paper-based self-study material, WILSIM-GC is more time-efficient
for learning activity
24. Compared to using paper-based self-study material, WILSIM-GC is more convenient to
use
25. Compared to using paper-based self-study material, WILSIM-GC is more fun to use

APPENDIX E

THE CONSENT FORM OF FOCUS GROUP INTERVIEW
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